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ADVERTISEMENT.

THE present edition of the Works of Paley was intended to combine
together, in one handsome volume, all the published labours of that
great man—uniting closeness of arrangement with clearness and beauty
of type. This Edition is also furnished with copious Notes, marking,
for instance, the discoveries of science, illustrative of the existence of
a Divine Contriver, or Creator, which have been made since Paley
produced his immortal “ Natural Theology;” and Biographical Sketches
of those of the Author’s friends who patronized .or assisted him, or
whose works he has quoted, have been added ; the Editor being anxious
that nothing should be omitted which would render the volume more
acceptable to the Public.

June, 1838.
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THE

LIFE OF WILLIAM PALEY, D.D.

Amonc the many extraordinary men, who distinguished themselves in the early years of

the present century, was William Paley, the subject of the following memoir—a man,
whose fame no culogium can increase, and whose talents no laboured notes need illustrate.
He could not be an ordinary man whom contending factions united in honouring, whom
high Tory bishops exalted when living, and whose works, when dead, a Whig ex-chancellor
has endeavoured to illustrate with equal industry and talent. Paley’s is one of those
many great names of England’s history, whose memory will remain as long as her lan-
guage endures; for we shall find in proceeding through his works, that this great man
laboured through life, with an industry which never tired, and a zeal never exhausted, in
the best and holiest of causes; despising, by any compromise of principle, to catch an
ephemeral notoriety, in which meaner souls would have gloried. He wrote thus eloquently,
not for the thoughtless and the superficial, but for the ardent, the anxious searcher after
trith: he was rewarded even in his lifetime by the approbation of his countrymen ; and
he has well secured for himself the plaudits of the great, and the good of all nations
and after-ages.  His life, to the talented yet obscure, is full of materials for abundant con-
solation and hope ; for Paley owed all his fame, all his patrons, all his promotions, to
his own unaided exertions. He had no powerful connections to push him forward—prac-
tied no mean arts—did not excel in public speaking—had no strictly personal attractions
—did not even write political papers. Neither did the opulence of his parents compensate
for the obscurity of his other relations, since he was the only son of a country schoolmaster,
whose living produced him at most thirty-five pounds a year.

In spite, however, of all these difficulties which attended Paley through the early period
of his career, we shall find, that at last, by a steady and energetic use of his talents, he rose
superior to the obstacles which impeded his progress; that he was courted by the high and
talented of the land, and that preferments were showered upon him with a rapidity * more
than adequate,” to employ his own words, “ toevery object of reasonable ambition®.”

® Dedication to his Natural Philosophy. 5. Paley’s Works, edited by Chalmers.
The biographical notices of Paley already extant are to 6. Inasmall Edition of his Works, in 18mo.

be found in the following works : — 7. In the Edition of his Works by the Rev. Robert
1. Pablic Characters for 1802. Lynam, 1823.
2. Aikin's Biographical Dictionary, 1808. 8. Edition of his Works by his Son, the Rev. Edmund
3. Life, by Meadley, 1809—1810. Paley, 1825.

4. Chalmers' Biographical Dictionary, 1814.
B
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2 THE LIFE OF PALEY.

William Paley, according to the register of the cathedral of Peterborough, was baptised on
the 30th of August, 1743, and is stated by one of his biographers to have been born in the
previous July, at that city*. He descended, according to Whitaker t, from a family long
settled at Langcliffe, in the parish of Giggleswick, on a patrimonial estate, which is
believed still to be in the possession of the Paleys. Whatever, however, was the ancient
respectability of the family, Paley was the last to take any undue pride in his ancestry,
for he was fond of rctailing anccdotes of an uncle who kept a hardware-stall, on market
days, at Settle}; and of another kinsman, whom in carly life, he personally assisted to
wrap up tobacco behind the counter of his own grocer’s shop, in the same town. At one
time, he had some idea of choosing for his crest, a malt shovel, from the belicf that his
ancestors were engaged in that branch of trade, as on the patrimonial estate at Giggleswick
a large malt kiln still cxists §.

The father and namesake of Paley, just described, was a younger son, educated at the
free-school of Giggleswick, of which he subsequently became head-master. He was admitted
at Christ college, Cambridge, January 31, 1729, as a sizar. Attaining the degree of
Bacheclor of Arts in 1734, he was almost immediately afterwards presented to the
living of Helpstone, in Northamptonshire, of which he was instituted the vicar August
14, 1735, being then of the value of thirty-five pounds per annum. Not long afterwards,
being elected a minor canon of Peterborough, he changed in consequence his residence to
that city ; and on the tenth of July, in 1742, married Miss Elizabeth Clapham, of the
parish of Giggleswick, a woman both active and intelligent||. She is thus described by
her grandson, “ She was a little shrewd-looking, keen-cyed woman, of remarkable strength
of mind and spirits; one of those positive characters that decide promptly, and cxecute
at once, of a sanguine and irritable temper, which led her to be constantly on the alert in
thinking and acting.” She had, it appears, a fortune of 400/ ; made her servants rise at
four o'clock in the morning; on her marriage, rode behind her husband from Settle in
(‘raven to Pcterborough; and on her husband being made master of Giggleswick, back
again in the same manner, with her son in her lap ; all their worldly goods, according to
our author, being contained in a tea-chest. She was economical and generous, gave much
away, and on her death left more than two thousand pounds to her family q.

Paley’s father, it appears, was, like his wife, at once generous and economical ; had for
his income, at first, only cighty pounds per annum from Giggleswick school, but afterwards
two hundred. Iclpstone vicarage, it scems, did not pay a curate’s salary. But then he had
the good fortune to take private pupils, had a legacy left to him of fifteen hundred pounds,
and by exccllent management left behind him soven thousand pounds ; so that hisson did not
start in life with tho curse of poverty as his patrimony. ¢ He was,” says his grandson, “g
cheerful jocose man, a great wit, and an cnlivening companion ; fond of field sports, and
more fond of company than was relished at home ; was twenty years curate of Giggleswick,

* Meadley's Life of Paloy, p. 1.

In this parish is a celebrated ebbing and flowing well,
+ History of Craven, p. 133, 137.

which Drayton has cclebrated in his Polyolbion, Song 28.

$ The death of onc of his ancestors, George Paley, of
Knight Stainforth, is recorded in the registor of the parish
where he was buried, on the 12th of February, 1576.—
ngmkﬂ" History of the Deancry of Craven, p. 140,

Giggleswick is near to the town of Settle ; its school,
founded by Edward V1., is described as being ‘‘ now one
of the most opulent in the north of England.”

§ Life by bis Son, p. 17.

The vicarage, which is in the gift of the Winkip family,
was never held by Paley’s father, although he was many
years the curate.

)| She died in March 1796, in the 83rd year of her
age, baving lived to see her only son at the height of his
fame, and in tho enjoyment of the best of his prefer-
ments. —Epitaph on her gravestone in Giggleswick church,

q Lifo of Paley, by his Son, p. 21.
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and afterwards of Horton*.” Hec was evidently a pedagogue, and taught in his school at
the age of eighty-threc, when nature was nearly cxhausted.

A year after that of his father's marriage, thc subject of this memoir was born, and
his mother afterwards brought into life three daughters, whose history it is not necessary to
pursue.

The first two years of Paley’s life were spent at Peterborough ; but in 1745, his father
being made head-master of Giggleswick school, and in consequence resigning his minor
canonship, he accompanied him into Craven. For the long period of fifty-four years, his
father held the mastership of this school, with the rectory of Helpstone, for he lived till
September, 1799 ; his son, who only survived him six ycars, being then at the height of his
popularity and prefermentt. No further particulars are preserved relative to this venerable
old gentleman. He is described as being an excellent classical scholar, mild and benevolent
in his disposition, and possessed of much good sense. He was certainly not ambitious of
fame ; he appears to have made no literary efforts ; acquired no other preferments than those
with which he commenced life ; nor does it appear that any means were used by his rclations
to acquire for him additional emoluments. Ile was probably happy and contented, passed
through life like most country vicars ; and finally glided to his grave, regretted and beloved
by his neighbours and friends.

At Giggleswick, Paley passed the first fifteen years of his life, and in its school, under the
are of his father, he received his early education. His progress at school appears to have
betrayed few indications of his future eminence. Iis talents were but slowly developed, he

wu studious and persevering, was considered a good classic, but was never brilliant, or
reqarded as an accomplished scholar. He was probably a thick-built, heavy-looking, inactive
boy, who was incapable of joining in any sports which required activity or exertion?.
There are few boys to be found to whom riding on horscback is either difficult or appalling.
Paley, however, was onc of these unfortunates; for when he ‘rode with his father from
Giggleswick to Cambridge, he met, in consequence of his bad horsemanship, with sundry
dingreeable adventures, which in after life he would very readily detail.

“1 was never,” he would say, * a good horseman, and when I followed my father on a
Py of my own,-on my first journcy to Cambridge, I fell off seven times ; I was lighter
then than I am now, and my falls were not likely to be serious; so that I soon began to
o very little about them. My father, though at first a good deal alarmed at my awk-
Wirdness, afterwards became so accustomed to it, that on hearing a thump, he would only
tum his head half aside and say, ¢ Get up and take care of thy monmey, lad§.’” His bad
horemanship accompanied him through life, for when, in after years, he kept a horse at
clmbridgc, he never used it but in a chaise, and kept it three miles away from his own
ridence. This naturally amused his friends. “ For what purpose, Paley,” said one
of these to him, “can you keep a horse, which is always two or three miles off at grass,
oin a straw yard at Ditton ?” “ Why for the same purpose as other persons kecp horses ;

® Life of Palcy, by bLis Son, p. 23. ¢ Aye, for sure,’ said an old lady who was passing, ¢ every

t Bpitaph at Giggleswick. He was cighty-eight ycars body knows thou art a guileless lad.’ "—Life by his own

age at his death. Son, p. 81.

$ “ When a mere boy, probably from the same prin- From the same authority we learn that he had even as
ciple which tempts other boys to imitate their fathers, a boy a very awkward gait,p. 28. He was nicknamed
be was found preaching in the market-cross of his village, ¢ TheDoctor,” enjoyed cock-fighting, and associated much
&d kvling out to a circle of old women and boys, with old women, who thought him a very nice boy, p. 29.
‘Bebold an Israelite indeed, in whom there is no guile P § Mcadley's Life of Paley, p. 6.

B2
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for exercise, certainly.” ¢ But you never ride,” objected his friend. * No,” said Paley,
“but I walk almost every day to sce it, and that answers just as well*.” As years crept
on, when excreise became absolutely necessary, and he at last began ‘scriously to learn
the art of horsemanship, his feats in his secluded rectorial park at Bishop’s Wearmouth
excited the laughter of his parishioners, who had discovered his secretly-performed evo-
lutionst. One of them wrote upon the door of his park, * Feats of horsemanship here
every day, by an eminent performer.” .

Though inactive in body, in mind Paley was restless and energetic. His amusements
were not those of boys ;—he had a taste for mechanics ;—conversed eagerly with those who
had any knowledge of this subject ;—loved to attend the law courts at the assizes ;— would
sit for hours in the Crown court, a practicc in which he indulged in after ycars;—and
had but one recreation, that of angling: a pursuit he followed through life with the
characteristic zeal of a dexterous fly-fisherman.

He was admitted as a sizar of Christ’s college, Cambridge, on the 16th of November
1758, being then not much more than fifteen years of age. His taking this means of
; acquiring an university education, by holding an office which in the same college his father
had formerly held, betrays the humble means of his parents, since the office, which corre-
sponds with that of a servitor at Oxford, is exempt from various expenses, and is usually held
by those whose means are limited. The sizars were formerly subject to many disagreeable
requisitions ; had to perform various menial offices in the dining hall ; but most of these
duties, when Paley held the office, had long been disused: yet it was then, as now,
considered a very humble way of entering the University. ©

The classics were alone studied at Giggleswick school, and in consequence, as soon as
he returned from entering himself at Cambridge, he proceeded to study algebra and
geometry under Mr. William Howarth, an eminent teacher of mathematics at Ditchford,
with whom he resided for some time, and acquired a knowledge which served him as
an excellent foundation for greater attainments when he returned to Cambridge.

He became a resident at the University in October 1759, when not yet seventeen, a
period much too young for such an important transition as that from a parent’s roof to
the life and temptations of a college. His father appears to have at this time predicted his
future eminence, for he expressed to onme of his pupils, on the evening after his son had
left for Cambridge, this feeling with all the pardonable enthusiasm of a parent. My son
is now gone to college,” wero his words; “ he will turn out a great man—very great
indeed—I am certain of it, for he has by far the clearest head I ever met with in my lifet.”

In the Decomber following his arrival at Cambridge, his pecuniary mecans were
increased by his being elccted to one of the scholarships, founded by Mr. Carr, for the
use of the students from Giggleswick school ; successively became a scholar on the foun-
dation at Christ’s college; and was appointed to one of the cxhibitions founded by sir
Walter Mildmay. Two years afterwards, May 26th, 1761, by his election to one of the
Bantry scholarships, his income was still farther increased.

His first appearance at Cambridgo excited among the under graduates no feelings save
those of mirth, for his dress and manners were alike uncouth ; his accent strongly pro-
vincial, a defect which he never entirely lost ; and his habits indolent. Thus he rose late ;
was always among tho last at prayers; and of the two days in the week, on which the

* Meadley’s Li% of Paloy, p. 87. + Tbid. p. 202, 1 Tbid. p. 9.
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undergraduates are allowed to absent themselves from the college lectures, he invariably
availed himself, lying in bed on those privileged days nearly till noon. Added to these, his
amusements at this period were not very refined. He had a love for country fairs,—strolling
players,—and puppet shows. His soubriquet places him before the imagination ; for amongst
his associates he was known by the cant title of * Tommy Potts,” and under this signature
some of his earliest poetical productions were printed in the periodicals of that day.

In spite of these unpolished attributes, Palecy soon became popular among his fellow
collegians, for if he was lethargic, he was not idle. His reading, however desultory, was
incessant ;j—he was the first to laugh at his own blunders and deficiencies ;—practised
the strictest morality ;—and was acknowledged to possess, on his arrival at Cambridge, as
much mathematical knowledge as many can claim on their departure. Lect not, therefore,
the indolent or the negligent student plead in excuse for his lethargy the example of Paley :
but, let it be remembered that it is yet a warning obscrvation among the Cantabs, ¢ Though
you are a sloven, do not fancy you are a Paley.”

Among his associates at this period, was the Rev. W. C. Unwin, afterwards vicar of
Stock, in Essex; Stoddard, afterwards master of Ashford school, in Kent ; Hall, since
master of Grantham school, and who was a brother scholar at Giggleswick.

Thus passed the two first years of Paley’s life at college; yet he was not altogether
ill-employed, for he could read even amid the revelry of his jovial companions—could study
even in a coffee house. Me used to describe the incident to his friends, which first rousced
him to exert more decidedly his mental powers, and his own account is too interesting to be
omitted *.

“ 1 spent the first two years of my undergraduateship happily but unprofitably. I was
constantly in society, where we were not immoral, but idle and rather expensive.—At
the commencement of my third year, however, after having left the. usual party at rather a
late hour in the cvening, I was awakened at five o’clock in the morning by one of my com-
panions, who stood at my bed side, and said, ¢ Paley, I have been thinking what a damned
fool you are. I could do nothing, probably, were I to try, and can afford the life I lead ;
you could do every thing and cannot afford it. I have had no sleep all night on account
of these reflections, and am now come solemnly to inform you that if you persist in your
indolence, I must renounco your society.’ I was so struck with the visit and the visiter,
that T lay in bed the greater part of the day, and formed my plan. I ordered my bed maker
to prepare my fire cvery evening, in order that it might be lighted by myself. I arose
at five, read during the whole of the day, except such hours as Chapel and Hall required,
allotting to each time its peculiar branch of study ; and just before the closing of the gatcs
(nine o'clock), I went to a neighbouring coffee-house, where I constantly regaled upon a
mutton chop, and a dose of milk punch. And thus on taking my bachelor's degree, I
became senior wrangler.”

From this period Paley never relaxed in his exertions; he burst away from all tho
donbts and horrors of idlencss, and resolved in the very year of his mental emancipation,
to strive for the highest honour in the University. Having this purpose, he endeavoured
to place himself under Dr. Sharp, the senior wrangler of 1758 ; then fellow of Peterhouse,
and afterwards archdeacon of Northumberland. Sharp, however, had other business to
attend to: he therefore declined the task, but recommended Paley to Mr. Wilson, senior

* Mcadley's Paley, p. 23.
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wrangler in 1761 ; a man of first-rate abilitics, afterwards very successful as a barrister,
and who died one of the judges of the Court of Common Pleas.

In 1762, Mr. Jebb and Mr. Watson were chosen the University moderators for the
first time, and soon afterwards Watson sent Paley an act*. It being in consequence
necessary for him to choose some questions for public disputation in'the schools—le, referring
to “ Johngon's Queestiones Philosophiz,” a work which contained a list of the questions
usually disputed of in the schools, made choice of two. The first, upon the * Unlawfulness
of Capital Punishment,” the second ‘“the Eternity of Hell Torments, as contradictory to
the Divine Attributes.” The nature of the questions chosen by Paley, was speedily
rumoured in the University, and many of its members were alarmed at the last question.
The master of Christ’s college was appealed to; who almost immediately insisted upon
his relinquishing the objectionable theme. Paley, anxious to comply, waited upon the
moderator to obtain the requisite permission to withdraw his question. The intrepid
‘Watson, who was naturally indignant at the heads of colleges interfering with questions
of the propriety of which he was the sole judge, refused to allow of the proposed with-
drawal. ¢ The best way for you to satisfy the scruples of these gentlemen,” said Watson,
¢ will be for you to defend the eternity of hell torments. Hutton, of St. John’s, your first
opponent, will certainly stiffen you; but I must help you out, and we will sapport the
question as well as we cant.”

The question as thus amended stood thus, ZEternitas peenarum non contradicit Divinis
attributis—and in its defence Paley displayed great ability.

In the month of January 1763, Paley had to contend in the Senate House, as a ques-
tionist, against Mr. Frere, his talented opponent for the senior wranglership. Here Paley’s
mathematical knowledge, his celerity of apprehension, his promptitude at a reply, admirably
served him in the struggle ; he outstripped all his competitors, and was announced as the
victor in this honourable contest for pre-eminence.

It hardly accords with our ideas of the honours of a senior wranglership, to find that
almost the next step in life which Paley’'s biographer has to record, after he had taken his
bachelor’s degree, was his engagement as the second usher in an academy at Greenwich,
kept by a Mr. Bracken; who, beforc hc would admit Paley into the school, insisted upon
the observance of several very unpleasant stipulations, among which” sitting behind the
door in the school-room, and above all, the wearing of a full sized wig, in which he made a
very ridiculous appearance, particularly annoyed him, for he was not a little proud of his
own handsome hair?.

The student should not omit to mark the noble sacrifice Palcy made of his feelings
to his sense of duty, and should remember too that he was not yet twenty-one years
of age, when he became senior wrangler, and accepted the humble office of a tutor in

® Both these gentlemen were extraordinary charac-
ters. Dr. John Jebb was the son of the dean of Cashel.
Talented and learned, he was wavering and unsettled,
might have obtained the highest h s in the Church,

Llandsff, and is well and honourably known as the victo-
rious opponent of Thomas Paine. He was tho author of
¢ Chemical Essays ;" the first work which made chemis-
try a pop study in England; and several other pro-

but he vacated his followship by marrying, and becamo
an Unitarian ; was a warm political partisan, and acquiring
& doctor’s degree from St. Andrew’s, practised not alto-
gether ansuccessfully as & physician. His works, edited
by his friend Disney, in threo volumes, have been pub-
lished since his decease, which took place in 1786.—Life
by Disney.

Richard Watson, the other moderator, was in after-life
still more distinguished than Jebb ; he became bishop of

ductions. He died in 1816. His rapidity in the acquisi-
tion of knowledge may be cstimated from the fact, as he
often acknowledged, that when he first became professor
of chemistry at Cambridge, he did not know a retort from
a crucible.—Life by himself, Annual Biography for 1816.

1+ Meadley, p. 32,

1 This wig so entircly metamorphosed Paloy’s appear-
ancc, that when he went into Yorkshire, some of his
neighbours mistook him for his old aunt’s husband.
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a privatec academy. The task must have been additionally irksome, from the circum-
stance that Paley is supposed by Meadley, though his son denies the truth of the asser-
tion, to have had little relish for classical lore; and in after life would often acknowledge
that Virgil was the only Latin author whose works he could read with pleasure. In
addition to his duties at the academy, he had private pupils. His amusements wero
confined either to the theatres, upon which he was through life an occasional attendant, or
to the court at the Old Bailey, criminal trials being to him always an object of
interest.

In 1765, while yet at Greenwich, he gained one of the prizes annually bestowed by the
parliamentary representatives of the University, for senior bachelors. The subject being
for that ycar, a comparison between the Stoical and Epicurean philosophies, with respect
to the influcnce of each on the morals of a people. Paley, in his prize essay, took the side
of Epicurus, in a2 manner which commanded the suffrages of his judges: an accidental
ignorance of the customary usages had nearly, however, proved fatal to his success. To
the essay, written in Latin, he had appended elaborate English notes, at once exhibiting
his powers of reasoning and his profound erudition. To these, one of the judges strongly
objected ; “he imagined the anthor had been assisted by his father, some country clergy-
man, who, having forgotten his Latin, had written the notes in English*.”

Paley announced his success to his friend Stoddart, in the following laconic unsigned
letter, “ Io, triumphe ; Chamberlayne is secondt.” ‘ .
Paley had to read his essay in the Senate House, before the University, and for that
purpose proceeded from Greenwich to Cambridge, with a full sense of the honours he had
acquired, and entering that town alone in a post chaise, he drew down the windows, and
desired the driver to proceed very slowly along the streets; a piece of vanity which was
long remembered among his friends as too good to be forgotten}. His delivery of his essay
was not remarkable either for its manner or its correctness—-he was affected and confused.

In the early part of 1766, he quitted the Greenwich academy ; took deacon’s orders ;
and became assistant curate to Dr. Hinchcliffe, afterwards bishop of Peterborough, then
vicar of Grreenwich.

As a preacher, Paley gained little reputation ; his early sermons were too full of words,
mach too florid for his audience—and he did not compensate by the graces of his delivery
for the deficiencies of his composition. He seems to have undervalued what he never pos-
sesved, once observing of a preacher, who excelled in his delivery, ¢ I know nothing against
him, except that he is a popular preacher§.” Of his style in the pulpit his son gives us
the following description :—* He had a peculiarity of delivery, and an awkwardness of
aftitnde, particularly observable ; but the attention of his hearers soon wholly merged in
the matter, and was carried from the preacher to the subject. He seemed indeed to be
inattentive to all arts and elegancies of elocution, and to prefer what might show him anxious
to do his best, and do credit to his subject, rather than as at all desirous of the graces
snd decorations of delivery. The manner of his preaching was strong and striking, and

® Meadley, p. 45.

+ Chamberlayne, fellow of King’s college, was one
of the best classical scholars of the University ; he nobly
acknowledged afterwards the superiority of Paley’s essay.

{ The vanity of another senior wrangler is still
amouog the stock stories of the Universitiee. Entering a
side box of a London thcatre, as a former duke of Cum-
betland entered on the opposite side, the audicnece

honoured the hero of Culloden by’rising from their seats ;
our wrangler, in ignorance of a greater man having en-
tered, took the compliment to himself, and turning in a
state of confusion to his friend, remarked,  How extra-
ordinary it is that they should know here that I am &
senior wrangler.”

§ Mcadley, p. &0.
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rather of a reproving cast, than soft or moving. He certainly approached the ludicrous
when he attempted to move by his oratory. In his delivery, that taste and applica-
tion to the wants and desiderata of his subject, which werc conspicuous in his writings,
were looked for in vain. His voicc is stated ta have been rough and inharmonious,
and his accent provincial. This is not sufficiently qualified, his voice was mot strikingly
rough, but, on the contrary, in private sweet and very distinct, but, though deep, it was
by no means strong nor very capable of exertion. Its roughness, if any, was on occasional
excrtion. Neither was his accent peculiarly provincial, it might have been called rather
wanting in refinement, but by no means disagreeably so.”

His printed sermons are not that portion of his works on which Paley’s claims to immor-
tality are founded ; he who excelled in his addresses to the whole Christian and Infidel
worlds, and in shewing to them the true faith they should profess, could not, seemingly,
concentrate his powers into the circle of a single congregation —in his sermons, therefore,
though he is always respectable he is rarely excellent ; he ever commands our attention,
but never demands our plaudits.

Paley’s first preferment was his fellowship of Christ’s college, to which he was elected
on the 24th June 1766, when he was not quite twenty-three years of age. It was then
worth not more than one hundred pounds per annum. He continued, however, at Green-
wich until the October of 1767, when, in company with his pupil Mr. Ord, he took up
his residence at the University, became a tutor, and filled certain college offices which
brought him annually about cighty pounds. On the 2lst Deccmber following, he was
ordained a priest, by bishop Terrick, at St. James's chapel.

In the succeeding year Mr. Backhouse, one of the tutors of Christ's college, being ap-
pointed chaplain to his friend Mr. Comwallis, then just translated from Lichfield to Can-
terbury, resigned his tutorship. Dr. Shepherd, the other tutor, being anxious to relieve
himself from the entire burthen of his office, engaged Paley and Mr. Law as assistant
tutors, offices which they ably and encrgetically filled, until at length Dr. Shepherd,
rather than lose their services, gladly admitted them to a share in the emoluments.

In 1771, Paley was appointed one of the Whitchall preachers, but we have no account of
his having ever preached before the king. His name first appears on the register of
the chapel on the 21st April of that year.

The friendship of Mr. Law was decidedly advantageous to Paley, for the latter was
introduced by him to his father, Dr. Law, then master of Petcrhouse, and afterwards
elevated to the bishopric of Carlisle by the Grafton administration. Mr. Law also intro-
duced Paley to his talented brother, Edmund Law, afterwards the celebrated Lord Ellen-
borough, and the friendship of this talented family materially in after life advanced the
interests of our author. '

‘When the celebrated Horne Tooke applied, in 1771, for his degree of Master of Arts,
Paley strenuously, though unsuccessfully, opposed the claims of this extraordinary charac-
ter, whose fate it was through life to secure to himself opposition in every attempt he
made to advance his fortunes. Paley’s objections to Horne Tooke are supposed to have been
founded on some violent passages contained in his Political Letters to John Wilkes. The
opinion which Paley formed of Tooke, then first coming into public notice, was probably cor-
rect. He evidently acted on the impression that he was unfit for the office of a clergyman®.

® John Horne Tooke was a man of first-ratc talents, difficulty obtaiued his degreo—failed in all his attempts
but far too acrimonivus and uncompromising. He with to be called to the bar—and when he obtained, after a
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In the next three years of Paley’s life, there is little particularly deserving of notice.
He continued labouring in his vocation of college tutor with the highest credit and success,
was at once indefatigable and enterprising, and managed in a singular manner to preserve
the respect, and even the affections, of his pupils. His convivial qualifications were excel-
lent, his conversational powers of the first order—full of good humour, an excellent story
teller, and the first to promote any harmless mirth. He had a saying in reference to this,
that “if a man is not sometimes a fool he is always one.”

Some of his early habits continued through life. It has been well said that the boy is
the epitome of the man, and Paley was not an exception to the rule. He was still slow
in his movements—the last to arrive at the dinner table—his letters to his friends were
chiefly remarkable for their brevity—his writing was most illegible and awkward, which his
correspondents were puzzled to decipher ; and when, to extricate them from these difficulties,
the Doctor himself was once or twice appealed to, he was unable to succeed, being set at
defiance by his own mystic characters. His epistolary correspondence was very limited ;
there is, perhaps, no other celebrated author of the last century, whose letters are so few
in number as those of Paley. He had, it appears, a great dislike to such literary efforts ;

and hence, his assiduous biographer, Meadley, tells us that he often paid a penny a line in
postage for Paley’s letters. Of his manuscripts, his son gives a curious description.

“They are contained,” he tells us, “in eight or nine thick quarto paper books, with a
number of smaller scrap-books, and some for pocket use. These books are full of scrib-
blings from one end to the other, in one of the worst and most illegible hands that ever
adorned genius, mixed up in a confused and unconnected heap with penmanship of a fair

and seemly quality. It is quite impossible to make out any connection in cither the pages

of his books, the continuations of his sections, or even the scheme of his work. He scems
to have filled up in any manner, or in any part of his books, the different divisions of his
wbject till the very last. The bookseller’s copy was perhaps the only one perfectly arranged.

Of the Moral Philosophy indeed, only one or two books remain besides his lecture book, nor

are these wholly devoted even to ome work, but present a jumble of Moral Philosophy,

ad Evidences of Christianity, with many scraps of less importance. To those who write

Stnightforward on any given subject, it might be surprising ; to those also who were ac-

quinted with his way of seizing upon any idea that was of use to him, or have seen him

busied and intent upon his work, it is more than amusing to survey the strange mixture
of material whioh is to be found in his other books. For instance, in the midst of the

Manuscript of his ¢ Evidences,’ there is one page containing the authenticity of the Historical

Books of the New Testament, and on the opposite page to it a memorandum of having

Mded a codicil to his will; then comes three or four pages full of family occurrences

of all deseriptions, interspersed with a few sentences, or a passage, to be found in some of

bis works. Any one reading, if he can read, these pages, will find some interesting argu-
ment interrupted in the next page, by the hiring of servants—the letting of fields—sending
bis boys to school—reproving the members of an hospital for bad conduct—and epistolary
correspondence . . . . He has been heard twenty times to break out into a hearty laugh for

Sremuous opposition, a seat in the house of commons, visible Junius;" being the only one who foiled this

the bouse with reluctance refrained from expelling him, mighty ccnsor. His was not a * middle compound

ad immediately passed sn act (41 George IIL., cap. character,” vulnersble by being publicly attacked in any

63), declaratory of the ineligibility of clergymen to be way. He died in 1812, and perhaps was well described

elected members of parliament. in the sentence of Junius, ‘ His situation does not cor-
Mr. Tooke successfully contended with men of the respond with his intentions.”—Sce Gen. Biog. Dict.

frt powers of mind, even with the  unknown in-
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his folly in this respect. Not the least subject of curiosity, which the inspection of his
manuscripts affords, is his hand-writing. We are sometimes told that thcre are three de-
scriptions of hand-writing, into some of which most men glide who can write at all ; that
which cvery body may read, that which only the writer can read, and that which neither
the writer nor any body else can read. Paley’s hand-writing included all these descrip-
tions*.”

His son adds several anecdotes confirmatory of the fact of his writing an unintelligible
hand ; for instance, on being requested by the lady of the bishop of Lincoln, before whom
he had preached at Buckden, to leave his sermon for her private perusal, he replied, ¢ You
may have it, madam, freely, but it is what neither you nor any body else can make out,
for I had much ado to make it out myself +.”

In 1774, appeared Paley’s first work. It is in defence of a publication of his friend the
Bishop of Carlisle. This was on the then ardently discussed question of the propriety
of requiring a subscription to articles of faith. It gained him great applause, and is dis-
tinguished for the same powers of reasoning and illustration which have immortalized his
larger and later publications. Of this work, which has long been bound up with his other
works, he never either acknowledged or disowned the authorship ; there is, however, every
reason to believe him to have been the author §.

Various reasons, probably, conspired to render Paley indifferent about claiming the
authorship of this pamphlet ; for, written as it was with all ‘the ardent patriotism of youth,
its style and sentiments were by no means calculated to please the high-church clergy, who
would naturally regard most of its reasonings as far from orthodox §.

The promotion of Dr. Law to the sec of Carlisle speedily led to the removal of his
son from Cambridge, for he soon after received from his father the living of Warksworth,
and a prebendal stall in Carlisle cathedral||. Paley soon followed his friend, for upon re-
ceiving from the bishop the living of Musgrave, near Appleby, he announced an intention
of speedily retiring from Cambridge. To this little living, which was barely worth eighty
pounds a year, he was inducted on May the 28th, 1785, He staid in Cumberland after his
induction long enough to fall in love with the lady who soon after became his wife.

Preparatory to this great event in a clergyman’s life, he on the 2lst of April preached
his last sermon at the chapel royal, at Whitehall ; and on the 30th of May resigned his
fellowship at Christ’s college . Six days afterwards, the marriage took place in the church
of 8t. Mary’s, Carlisle. Of his bride, few particulars are related. She was the handsome

® Paley’s Life of Paley, p.183. *¢ In writing he never
punctuated.’”’—Ibid. p. 138.
4 Tbid.,p. 108.

characteristic of Paley. ¢ If we are to wait for im-
provement till the cool, the calm, the discreet part of
mankind begin it; till church governors solicit, or minis-

t It is interesting to learn the favourable notice taken
of this, Paley's first work, by tho reviewers. ‘ The
Monthly Review,” for 1774, p. 463, thus spoke of it—

“ A Def of the Considerations on the Propriety of
requiring a Subscription to Articles of Faith, in reply to a
late Answer from the Clarendon Press. Bya Friend of
Religious Liberty, 8vo., Wilkie, 1774.

¢¢ This defence is manly, spiritcd, and judicious, and
the superiority in point of argument is so evidently on
the side of tho fricnd of religious liberty, that he must
bo a prejudiced reader indeed who does not discern it.”’

The Critical Review for the same year, p. 80, is much
moro brief in its notice of the work, “a spirited refuta-
tion of Dr. R.’s pamphlet.”

§ The last sentences of his pamphlet are eminently

ters of state proposoe it ; I will venture to pronounce that
(without His interposition, with whom nothing is impos-
sible), we may rcmain as we aro till tho renovation of all
things.”

|| While Paley was residing at Cambridge, he often
visited his friend Unwin, at Huntingdon, and was intro-
duced by him to the poet Cowper, whom ho afterwards
met on several occasions. When Hayley’s Life of Cowper
appeared, Paley, in alluding to the trivial nature of some
of the details, stated his surprise, that, among other
magnificent notices, he did not find recorded the present
he made to this excellent poet, of a black cat.~—Life by
his Son, p. 84.

€] He was succeedod in his fcllowship by Dr. Majendic,
aftcrwards bishop of Bangor.
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daughter of a spirit-merchant at Carlisle; is described as being inactive and unhealthy,
according to her own description “ a mere thread-paper wife *;” yet sensible, mild, and
unassuming. So that, although this match was made with more than prudential rapidity,
yet Paley never, we believe, had any reason to repent of his choice—but was often ready
to acknowledge, that the time he spent amongst his parishioners of Musgrave was the hap-
piest period of his life. He lived, however, in the adjoining town of Appleby. At this
place, he appears to have passed his days cheerfully and happily, dividing his time between
study and fishing,—established a Hyson club, in imitation of one, of which he had been the
life and soul at Cambridge,—followed his angling occupation in the beautiful river Eden,
and was drawn by Romney, in his fisherman’s dress, with the absurd additions, however,
of a clerical wig, and his archdeacon’s hat, at which evident incongruities, his family
were naturally displeased. Romney, who charged fifty pounds for the picture, was on
the other hand evidently displeased with the price ; and assured the bishop of Clonfert, for
whom it was drawn, that he had been offered twice the sum for it }.

Paley was never a successful fisherman, although he was devotedly fond of it; and at
one period, used to notice regularly in his journal the result of his fishing endeavours.

Bishop Law did not lose sight of Paley, for before the end of the same year, he presented
him with the vicarage of Dalston, worth more than ninety pounds per annum. To this he
was inducted on the 2nd of December, 1776 ; and on the 15th of July following, preached
the visitation sermon in the cathedral of Carlisle, soon after published under the title of
¢ Caution recommended in the Use and Application of Scripture Language}.” This sermon
was eloquent and argumentative—but certain observations in it regarding regeneration, and
of being born of the Spirit, excited some little discussion. Dr. Knox in the introduction to
his Christian Philosophy strongly condemned, while Dr. Percival in his Letters to his Son
warmly applauded, it§. Six weeks after the publication of this sermon, he was appointed
by the dean and chapter of Carlisle, to the living of Appleby, a vicarage worth rather
more than two hundred a year; he had previously resigned Musgrave, and after his induc-
tion, on the 10th of September, he divided his time between this place and Dalston. At
Appleby, Paley formed an acquaintance with the venerable Yates, master of the grammar-
school ; and with Mr. Lee, the celebrated barrister, afterwards attorney-general ||.

It was about this time that he published his compilation of Prayers for the use of the
Clergy in visiting the Sick, a valuable little work which has passed through many editions,
but which has few claims to originality of composition. On the 17th of June, 1780, he was
collated to the fourth prebendal stall in the cathedral of Carlisle, from which he received
about four hundred pounds a year. In the following year, he published his excellent
ordination sermon, preached as chaplain to the bishop at Rose Castle, on the 29th of July,

1781 q.

® Paley's Life of Paley, p. 91.
+ Ibid. p. 94.—Meadley, p. 106.

may possibly havo some dangerous tendensy. We do
this with real deference to the abilities of the author.’

¢ In the Monthly Review for 1778, p. 406, this, Paley’s
first acknowledged work, is thus noticed :—
¢ This is an ingenious and sensible discourse; but the
question may be reasonsbly asked, whether it does not
prove too much? and farther, whether, according to Mr.
P’s method of arguing, the greater part of the New
Testament may not bo supposed to have no relation to
the present times, from whence it may not be very diffi-
calt to persuade ourselves that wo have no concern with
Revelation ?  Such reflections bavo arisen in our miuds
o peresing this sermon, which, though of a liberal cast,

§ Percival’s collected Works, vol. 1., p. 306.

|| Paley was evidently economical in his early career.
His son gives us many characteristic anecdotes confirma-
tory of this fact,—his knitting bis children’s stockings
when vicar of Musgrave, p. 95,—his want of a carpet for
the stone floor of his parlour, obliging him to place his
pupil, the delicate young Ord, on the bellows, p. 63.

“ For the j of its reflections, tho propriety of
its language, and the benevolence, good sense, and piety
which breathe through tho whole, we have rarcly met
with its equal,””—Monthly Review for 1782, p. 240.
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® “ A Distinetion of Orders in the Church, defended 1+ St. John vi. 9.
npem Principles of Public Utility ; 8 Sermon preached in $ Meadley’s Paley, p. 122.
the (‘natle (hapel, Dnblin, at the Consecration of John § The Monthly Review for 1785, vol. L p. 182 to
faw, D.D., Bishop of Clonfert.—As to the merit of 401, noticed it in the following manner :—“ The Princples
thin sermem in o strictly theological sense, we decline of Moral and Political Philosophy, by William Paley,
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the finpvest sand snoro snch Iabourcers into the vineyard.'”*  this important volume.”
Munthly Review for 1783, p. 287,
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publications, it was, by his own confession, nearly the last in systematic order which should
be read.

Of a work so well known, and so celebrated in all countries where the subjects on which
it treats are regarded, it is utterly needless for us to speak in terms of approbation. The
eloquent Mackintosh, when he was delivering in Lincoln’s Inn Hall his introductory lecture
upon the Law of Nature and Nations, page 28, thus expressed himself with regard to its
merits. ¢ Speaking of the work of Dr. Paley, I am desirous of this public opportunity of
professing my gratitude for the instruction and pleasure which I have received from that
exccllent writer, who possesses in so eminent a degree those invaluable qualities of a
moralist, good sense, caution, sobriety, and perpetual reference to convenience and practice,
and who certainly is thought less original than he really is, merely because his taste and
modesty have led him to disdain ¢the ostentation of novelty, and because he generally
employs more art to blend his own arguments with the body of received opinions, so as
that they are scarce to be distinguished, than other men in the pursuit of a transient
popularity have exerted to disguise the most miserable common-places in the shape of
paradox.” This eulogium was delivered in the year 1798, when Paley was vicar of
Bishop’s Wearmouth.

In 1785 Paley was appointed, on the death of Dr. Burn*, chancellor of the diocese of
Carlisle, a situation which, besides fees, produced him about one hundred pounds a year.
In 1787, he lost his friend and patron, the venerable bishop of Carlisle, a prelate whose
patronage had served him on many great and important occasions. He did justice to his
departed friend’s memory, in a concise memoir, which was first inserted in IHutchinson’s
History of Cumberland, and was afterwards copied into the Encyclopaedia Britannica.

During this period, he was labouring assiduously in his vocation, for Paley had a mind
ever restless and energetic. Ie edited ¢ Collyer's Sacred Interpreter,” a small volume,
intended for persons preparing for deacon’s orders; to this he added *“ A Short Analysis of
the Book of Revelations,” chicfly taken from Newton’s Dissertation on the Prophecies, and
Danbur's Commentaries.  In the spring of 1788, the abolition of the slave trade engaged
his anxious attention ; he addressed the committee for its abolition, sitting in London +,
and afterwards presided as chairman of a meeting at Carlisle, for the promotion of the same
object. 'He had already denounced the system in his “ Moral and Political Philosophy},”
a8 “an odious institution.”

In 1789, Dr. Beadon, master of Jesus college, being advanced to the bishopric of
Gloucester, the mastership was offered to Paley, by the visitor (Dr. Philip Yorke), the
bishop of Ely. This valuable and flattering offer, however, Paley declined, for reasons
which have never been clearly explained, and which, judging by the following letter to
his sister, were hardly intelligible to himself :

“June, —89. I send the enclosed letter for my father to see from the bishop of
Ely, a man I know no more of than I do of the Pope. I was never in a greater quandary ;
I have the greatest reason to believe that tho situation would be a step to the highest
preferments; on the other hand, to leave a situation with which I am much satisfied, and
in which I am perfectly at ease in my circumstances, is a serious sort of change. I think
it will end in declining it §.”

® Dr. Barn is still more universally known than Paley, + Clarkson’s History of the Abvlition, &c. Vol. I.
s the author of “ The Justice of the Peace,’’ ¢ Ectclesi- p. 465.

mtical Law,’’ and several other works.—Gen. Biog. 1 Book iii, p. 2, c. 3.
Die. . § Paley’s Life of Paley, p. 195.
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The manner in which this offer was made Paley did not forget, for when five years
afterwards he dedicated to that enlightened prelate his “ Evidences of Christianity,” he
eagerly seized the opportunity of expressing his gratitude, and of reminding him publicly
of * the circumstances under which this offer was made.” “1I had never seen your lord-
ship,—1 possessed no connection which could possibly recommend me to your favour,—I
was known to you only by my endeavours in common with many others, to discharge my
duty as tutor in the University ; and by some imperfect, but certainly well intended, and
as you thought useful, publications since.”

Various unsatisfactory reasons have been assigned for Paley’s refusal of an office which
would in all probability have led him to the episcopal bench—that he was afraid of the
expense—that disagreeable compliances would have been expected of him—that he must
have quarreled with William Pitt*.

Various attempts have been indeed made to insinuate that Pitt hindered his promotion,
on account of their political opinions being opposed to each other. There is no part,
perhaps, of Paley’s character more doubtful than his real political bias; he was certainly of
no party,—was the friend, it is true, of improvements in all sciences, but eloquently
denounced several long proposed and popular reformations,—was at the same timo the
friend of Ellenborough and Mackintosh, of Barrington and Jebb,—was equally strenuous
in his opposition to the claims of lord Lonsdale and Horne Tooke. Of another fact, we are
quite certain, that if Pitt did not elevate his talented contemporary, yet the bishops
whom Pitt had made, the men whom he did promote, earnestly _united in patronising
Paley t.

The industry of political partisans has succeeded in selecting certain paragraphs from his
works, which they imagine werc offensive to the ministry of the day. Such persons in-
stance the story of the Pigeons ,—his interpretation of the oaths of allegiance §,—his remark
that the divine right of kings and the divine right of constables were equally certain ||,—
his limiting the right of civil obedience to certain duties, &c. &c.; and yet, years after
the publication of these passages, we find by the same authority, that William Pitt seriously
enteftained the idea of clevating Paley to the deanery of Carlisle . If Paley had offended
those in power, his sins were very readily forgiven.

His next published work, *“ Horm Pauline,” appeared in 1790, with an affectionate
dedication to his friend the bishop of Clonfert. This is certainly Paley’s masterpicce ; there
is more close reasoning, more originality of thought, more variety of illustration in this than
in any of his other talented works. Its popularity, however, has not been commensurate
with its merits, at least his other works have been much more extensively read ; its reasoning
is too close, its criticisms much too minute, for the taste of general readers, who would
probably read it oftener, if Paley had not written other works more adapted to the popular
taste.

® Meadley's Paley, p. 150.

1 These two great men wore out together, both labour-
ingin their own peculiar spheres, with equal energy and
talent. Pitt hardly survived Paley six months.

Of Pitt, the ** boy miniater of England,” the reader will
judge by his own political feelings, but all will unite in
asmigning to him talents of the very highest ordor. His
father, tho great ear]l of Chatham, from his boyish days
predicted his future eminence. Stevenson, a goldsmith
on Cornhill, used sometimes to visit tho earl at his

scat, ncar Bromley; on one of these occasions he von-
tured to prognosticate to tho ex-minister the future
fame of tho late earl of Chatham, the hero of Walche-
ren. ** No, no,"” said the old earl, shaking his head, and
pointing to William Pitt, who was running out of the
room, *‘ That's the boy.”

$ Monl and Pohuul Philosophy, b. iii., p. 1., ¢ 1.

§ Ibid. b, iii., p. 1., c. 18.

| Tbid. 9 Meadley's Paley, p. 175.
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In May, 1791, Paley lost his wife, by whom he had a family of four sons, and four
daughters *. She was a lady of whom we can add nothing to our former notice.

The dean and chapter of Carlisle soon after presented him with the living of Adding-
ham, near Great Salkeld, producing annually about one hundred and forty pounds; and in
the same year he published, during the height of the French revolutionary mania, two
tracts, “ Reasons for Contentment, addressed to the Labouring Classes,” and the chapter
« On the British Constitution, taken from his work on Moral and Political Philosophy,”—
from which, his biographer Meadley, who would fain make him out on all occasions to
be a Whig, seems to insinuate, that he too much countenanced Toryism+; although Paley
expressly says in his preface, “ The principles here delivered were not made for the times,
or the occasion, to serve any purpose, or any party.”

‘When Paley lost his first patron, the bishop of Carlisle, he speedily acquired in his suc-
cessor, Dr. Vernon, now archbishop of York, a friend equally warm, for soon after his
installation, he collated Paley to the vicarage of Stanwix, on which he resigned Dalston on
the 15th of March, 1788. Paley’s reasons for the exchange, when asked for them by a
clerical friend, were candid in' the extreme. ¢ Why, Sir, I had three reasons for taking
Stanwix, in exchange for Dalston ; first, it saved me double house-keeping; secondly,
it was fifty pounds a year more in value ; and thirdly, I found my stock of sermons began
to come over again too fast }.” In this interval he had been assiduously employed upon his
third great work, which appeared in 1774, in three duodecimo volumes; “ A View of the
Evidences of Christianity,”—a work which from the ability it displayed, the period at
which it appeared—England’s darkest days of infidelity—and the sensation it produced,
at once elevated Paley into general notice. It was applauded on all hands, by the
learned and the common-place reader, the student, the clergy, and the king § ; and like his
other principal works, has been translated into most of the European languages. ‘

The conduct on this occasion of the bishops, who then adorned the episcopal bench,
was extremely creditable. They united as it were in doing honour to the author of this
splendid work. It was hardly issued from the press, when Dr. Porteus, then bishop of
London, gave him the prebend stall of Pancras, in 8t. Paul's; worth about one hundred
and fifty pounds a year, without any residentiary duties being attached to it. He was
bardly oollated to this dignity, when Dr. Pretyman, bishop of Lincoln, made him sub-
dean of that diocese ; worth seven hundred pounds per annum. He was installed on the
24th of January 1795, and immediately proceeded to Cambridge, where he took the degrec
of doctor in divinity. He had not becn many days at Cambridge, enjoying the socicty of
his old brother collegians and friends, when he received a letter from another personal
stranger, Dr. Barrington, the excellent bishop of Durham, offering him the valuable rectory
of Bishop's Wearmouth. Well might Paley, astonished at such a rapid preferment,
exclaim, when writing to his favourite sister Betty an account of this good ncws, “The
bishope are surely bewitched ||.”

® Wo regret our inability to give many particulars of  + Life of Paley, p. 161.
these children. One son, William, was a barrister on 1 Moadley’s Paley, p.168. .
the Northern cireuit, and of considerable talents ; he died § George IIL. highly commended it; carried it
in March, 1817, aged 37 : another son, Edmund, is or about with him in his carriage; more than once ex-
was rector of Easingwold, the editor of his works,and the tolled it to Majendic and Wilson ; and was careful to

anthor of a Life prefixed to them.—Lynam's Life of inquire of Paley's welfare.—Palcy’s Lifc of Paley, p. 343.
Paley, p. 57. || Tbid. p. 269.
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This was the last of Paley’s preferments. He continued at this delightful rectory until
his death *. He thus describes it in a letter to one of his friendst:—

«“ 1 must give you an account of the munificent present which the bishop of Durham
has made me. The tithes and glebe are now let to good tenants for ten hundred and
twenty-one pounds ; the tithes for six hundred. The glebe is also likely to be improved
by a bridge, which is just finished over the river Wear ; and such a house! I was told at
Durham that it was one of the best parsonages in England, and that there are not more
than three bishops that have better; two or three hot-houses and a greenhouse, and nearly
a mile of wall planted with fruit trees.”

Between this place and his deanery house at Lincoln, he henceforth principally divided his
time ; preaching and publishing occasional sermons ; and employed upon his last great work,
the ¢ Elements of Natural Theology.” Added to this he was an active magistrate ; attended
the quarter sessions at Durham ; ineffectually proposed sundry magisterial reforms; and
passed his leisure hours in the society of the many distinguished characters who visited
him, among whom were, Ellenborough, Mackintosh, and the bishop of Elphin. He mar-
ried a second time, in 1795. The object of his choice was Miss Dobinson, a lady of
Carlisle; of this lady, who survived him, we have few particulars, the Doctor had been
acquainted with her for some years before their marriage. Of his domestic arrangements,
judging by his life written by his son, we believe his family are unwilling to speak ; he
was careless in his dress, kind, passionate, and benevolent; silent and contemplative;
always full of thought, but never wearing the appearance of study ; occupied incessantly
in drawing together materials for his works in his walks, his rides, and even at the card
table. He was it appears fond of whist, and theatrical performances to the last. His
eagerness at cards is indicated by the anecdote told of him at Wearmouth ; upon the run
of luck being against him, he was carefully collecting the cards, when one of his oppo-
nents remarked, * You shuffle a good deal, Dr. Paley.” ¢ Aye,” rejoined Paley, ¢ when a
man grows poor it makes him shuffle {.”

He lost his mother in 1796, and three years afterwards his father, to whose memory he
erected a tablet in Giggleswick church. Soon after their decease, in the summer of 1800, he
himself felt the first attacks of the nephritic disorder, which finally brought him to his grave.
However, he visited Carlisle in the autumn of this year, and officiated for his successor,
professor Carlyle, as Chancellor of that diocese. In the following spring (1802) he was
unable, owing to the excruciating pains he endured, to keep his residence at Lincoln. His

* A view of Paley’s preferments, and the dates of his promotions, will show that his friends had no reason
to complain that his talents were neglected.

1766 made Fellow of Christ’s College, . . . . . . worth £100 per annum.
1775 ,,  Rector of Musgrave, by Dr. Law. . . . . . 80
1776 ,,  Rector of Dalston, by Dr. Law. . . . 90
1779 ,,  Vicar of Appleby, by the Dean and Clnpwr of Culllle . . 200
1780* ,, Prcbend of Carlisle, by Dr. Law. . . 400
1782 ,,  Archdeacon of Carlisle, by Dr. Law. . . . . . 120
1785 ,, Chancellor of Carlisle, by Dr. Law. . . . . . 100
1792 ,,  Vicar of Addingham, by Dr. Vernon. . . . . . 140
1793® ,, Viear of Stanwix, by Dr. Vernon. . . . . . . 140
1794* ,, Prcbend of St. Paul's, by Dr. Porteus. . . . . . 150
1795% ,, Sub Dean of Lincoln, by Dr. Pretyman. . . 700
1795* ,,  Recctor of Bishop’s Wearmouth, by Dr. Bomngton . . 1200

Those marked * were held by him up to the timo of his decease.

He received, as we have before noticed, one thousand pounds for his * Moral and Political Philosophy ;'* but we
believe only half that sum for his ¢ Horm Paulin®.” and his “ Evidences of Christianity.”’—Sec his Letter to his
Bookseller to this effect, Paloy's Life of Paley, vol. i., p. 238.

+ Ibid. 272. t Meadley's Paley, p. 188.
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bodily powers from this time began to decay, but the cnergies of his mind were nover im-
paired. In the intervals between the paroxysms, his vivacity was as great, his mind as
vigorous as ever ; and he worked upon his last work, his “ Natural Theology,” with all the
devotion of his happier days. In the month of May, we find that he was induced to try the
waters of Buxton, where he met his own physician, Dr. Clarke, and Dr. Currie, of Liver-
pool. - Dr. Fenwick, in his life of Clarke, has spoken of his meeting Paley at that place,
in a way which we cannot resist the pleasure of transcribing *.

« He was then engaged in finishing his Natural Theology ; the completion, however, of
that great undertaking was frequently interrupted by severe accessions of a painful disorder,
under which he had long laboured.” Dr. Clarke often expressed his admiration at the
fortitude with which he bore the most painful attacks, and at the readiness, and even
cheerfalness, with which on the first respite from pain he resumed his literary labours.

“When it is considered that the twenty-sixth chapter of his work was written under
these circumstances, what he has there said of the ¢ alleviations of pain,’ acquires additional
weight. When Dr. Palcy speaks of ¢ the power which pain has of shedding a satisfaction
over intervals of ease, which few enjoyments exceed,—‘that a man resting from scvere
pain, is for the time in possession of feelings which undisturbed rest cannot impart,” the
sentiment flowed from his own feelings. He was himself that man.”

Having received some benefit from the Buxton waters, he returned, after an absence of
two months, to Bishop’s Wearmouth. He alluded very feelingly to the complaints under
which he so long laboured, in the address to his patron, good bishop Barrington, which
constitutes the dedication of his Natural Theology, published soon after his return to
his rectory. “ A weak, and of late a painful, state of health, deprived me of the power of
discharging the duties of my station in a manner at all suitable either to my sense of those
duties, or to my most anxious wishes concerning them.”

This work, it seems from the same letter, he considered as alone requisite to make up
his works “into a system,” and will strike every one as being the first of his great publica-
tions, “ which ought to be read.” Guided by that conviction, we shall in this volume
depart from the usual order of arrangement by placing it the first in the collection.
It is needless to descant upon the value of this work; our criticisms and illustrations
will be more appropriately placed among its notes. It nceds few additional arguments,
and all attempts to enlarge upon the plan which Paley laid down for himself in its
execution, have been complete failures. We may execmpt however, from this censure, a
lately published able introductory discourse, by Lord Brougham, and the notes of Sir
Charles Bell. ’

The archdeaconry of Carlisle, and its annexed living, were resigned by Paley in 1804.
He could not attend to their duties, for his disorder continued to attack him with increasing
violence, and he was now evidently sinking under the repetition of its visitations. In the
intervals of freedom from pain, he enjoyed life with all his wonted zest ; visited the theatre,
read works of science and general literature, received his friends with -his usual hospitality
and freedom from ostentation, was to the last greedy of acquiring knowledge, and even
studied the chemistry of Dr. Black. Paley evidently relished conviviality ; enjoyed society ;
loved Lincoln for this reason better than Bishop’s Wearmouth ; and would, after suffering
the moet poignant pains, gladly escape from his couch to his literary club, his rubber of

¢ Sketch of the Life and Character of Dr. Clarke.— Mcadley's Life of Palcy, p. 204.
c
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whist, and his barrel of oysters; where, even when in pain, he would long keep the company
in a roar *. He was negligent of himself, especially in his diet.

Of tho private hours of this great man, every insight is interesting; we cannot refrain
from again quoting the words and description given of him by his son + :—* For an hour
after breakfast and dinner, he had his regular walks of musing and recollection, with which
he let nothing interfere, nor any one share except his youngest daughter, who with a basket
under her arm, to pick up anything he chose to put into it, followed him ; ¢ haud squis
passibus.’ At such times he seldom spoke a single word, but now and then he used to
surprise his little companion by bursting out into the most immoderate laughter, or
mouthing out scraps of poetry, or sentences of prose ; quite enough to show that these were
seasonable exercises both for his mind and his body. With the handle of his stick in his
mouth, now moving in a short hurried step, now stopping at a butterfly, a flower, a smail,
&c. ; at one instant pausing to consider the subject of his next sermon, at the next carrying
the whole weight and intent of his mind to the arranging some pots in his greenhouse, or
preparing with the greatest gravity to remove some stick or stand that offended his eye,
he presented the most prominent feature of his mind very obviously, but made it perhaps
happy for his public character that he chose to be alone. In the evening he seldom con-
versed much with his family, though he would not but have them round him, and left them
quite at liberty to employ such times in their own way.

“ He contrived with some whimsical and capricious habits to keep up their relish for such
domestic scenes with so little appearance of singularity, and if not with good-humoured
playfulness, yet with such obvious pain if they were not relished, that there was no member
of his family who would not have thought it equally unfeeling and undutiful to have
suffered either themselves or any other to have noticed his singularities.”

He kept his usual residence at Lincoln, in the spring of 1805, and returned for the last
time to his house, at Bishop’s Wearmouth, in the early part of May. Here, a renewed and
violent attack of his agonising complaint hurried him away to his Creator, on the 25th
of that month. ¢ A few days before that event took place,” says his son, the Rev.
E. Paley, “he had made an agsortment of his letters and papers, and ordered some of them
to be destroyed. Some short time before that, he had been employed in his study, in tying
up two or three bundles of sermons, and expressed himself satisfied ¢that now he had
left that ready.”” These proved to be the sermons for publication, the directions for which
he left in the codicil to his will.

He was confined to his bed a very short time ; he had written to one of his family, but a
few days before his death, ¢ that he had been very ill, but was now better,” when a fresh
return of his disorder, after much suffering produced a rapid and fatal mortification. His
bodily powers were so little weakened, that a few hours before his death, “he lifted a large
pitcher of water to his mouth.” That his mind was unshaken from its habitual confi-
dence and self-possession, there is every reason to belicve, for on his desiring to have his
posture changed, and being told by his surgeon that he was in danger of dying under the
attempt, he with great calmness and resignation said, ¢ Well, try—never mind,” and after
some severe convulsions, expired |.”

The death of Paley was lamented’ by the great and the good of all partics and classcs
of his countrymen—statesmen quoted his works; professors and tutors introduced them

_® Paloy’s Lifo of Paloy, p. 315. + Ibid. p. 291. % Thid, p. 371,
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as text books for learned universities ; foreign authors eagerly translated them; he was
honoured in his life-time, but still more applauded, when he no longer could be gratified
by the approbation of his countrymen. It is highly satisfactory to the lover of Paley,
and of truth, to learn that he added his dying testimony to the correctness of those Christian
doctrines he had through life 8o essentially befriended ; for to one of his intimate friends, he
remarked during one of his last days,—*There can be no deceit in this matter. I have
examined it with all the attention of which I am capable; and if there had been a cheat
in it, I think I must have found it out *.” He was buried on the 4th of June, 1805,
in the cathedral of Carlisle, in the same grave with his first wife .

In person, he is described as being rather above the middle size, and rather corpulent,
especially towards the close of his days. As through a prosperous life, he had been economi-
cal in his expenses, even in the season of his greatest good fortune, he died rich, leaving his
children in a state of independence. In a codicil to his last will, he cxpressly desired that
the sermons he left behind him should not be published, but printed and distributed
gratis amongst his flock, at Bishop’s Wearmouth, which was carefully done .  An imper-
fect _edition of them, however, soon made its appearance, and in consequence the family
felt obliged to publish them. The proceeds, they were careful to present to various charities.
These sermons do not bear the same impress of genius, that characterises his other works ;
he was used to compose them too rapidly, wrote them down only in part, and that portion
in so unintelligible a hand, that he could with difficulty decipher it, and we can hardly
imagine, that where their author failed, a copier, however careful, would succeed.

In all the relations of private life, he appears to have been highly estimable, was a good
husband and parent, an excellent master of a family, charitable and generous, never mak-
ing the slightest attempts at a display of his own acquirements; and his own family, it
appears, were, from his retired habits, the last to be made acquainted with his public
honours. As a friend to his country, Paley was warm and sincere; ¢ friendly with men
of all parties, he was of every party, but never exclusively attached to any §.”

® Meadloy’s Paley, p. 222.
1 On the gravestone is inscribed * Here lio interred tho remains of William Paley, D.D., who di d May, 25,
1905, aged 62.”  Ibid. p. 224.
$ Life by his Son. § Ibid. p. 72.
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EVIDENCES OF THE EXISTING ATTRIBUTES OF THE DEITY,
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TO

THE HONOURABLE AND RIGHT REVEREND

SHUTE BARRINGTON, LL.D.

LORD BISHOP OF DURHAM-.

My Lorp,

Tae following work was undertaken at your Lordship’s recommendation, and, amongst
othermotives, for the purpose of making the most acceptable return that I could, for a great

aud important benefit conferred upon me.

It may be unnecessary, yet not perhaps quite impertinent, to state to your Lordship, and
to the reader, the several inducements that have led me once more to the press. The favour

* Thisexcellent bishop, the patron of Paley, and all that
wu good, talented, and in need of charity throughout his
diocese, long survived the object of his patronage.

He came of an ancient and noble family of Saxon ori-
gio, who had been allied to the Plantagenets, to Oliver
Cromwell, and to many other distinguished persons.

Shute Barrington, the sixth son of Jobn Lord Barring-
too, was born May 26, 1734 ; was educated at Eton,
and at Merton college, Oxford. He was twice married ;
fintin 1762, to the lady Diana Beauclerk, daughter of
the duke of St. Albans, who died four years afterwards ;
1d gecondly, to Miss Jane Guise, heiress of Sir William
Guise, who died in 1808. By neither of these ladies had
beany issue. He became bishop of Llandaff in 1768,
@ was translated to Salisbury{in 1782, through the
perwnal favour of George the Third, who always called
kim “his bishop,”’ for the see was intended by the
winister of that day, Lord Shelburne, for another person.
His pretensions also were ably supported by William Pitt.

The favour of his sovercign followed the bishop into
bis diocese, for when the extensive repairs of his cathedral
rquired a public subscription, a stranger one day, plainly
dressed, walked into the cathedral, and calling for the
subeeription book-keeper, desired him to take a bank note
for 1,000/, ; “ You can enter it,” said George the Third,
to the astonished officer, *in the name of ¢ A Country
Geatleman, of Berkshire.’ "

In 1791, on the death of Dr. Thurlow, he was pro-
moled by the king to the valuable see of Durham, which
be beld for the long period of thirty years ®.

Ho is described as being at once the scholar, the gentle-
man, and the christian ; dignified, mild, courteous, and
fiscinating in his manners; benevolent and charitable in
the extreme, yet careful and economical.

A warm enemy to Catholic emancipation, yet tho
personal friend of Butler t, and of men of all religious
tenets.

He was consistent to the end of lifc ; never lost sight
of tho interests of rcligion and virtue ; and, although he
lived nearly to the great age of nincty-two, preserved his
faculties to the last : and his will, which filled the extra-
ordinary number of forty-threo sheets, shews the goodncss
of his heart ; for besides bequeathing his books to the
library at Durham, he gave about thirty thousand pounds
to various public charities.

His p ge of distinguished clergymen was admir-
able. Paley was not the only man who owed his pro-
motion by Barrington, solely to his talents. The reader
will b g the distinguished of Bell,
Browater, Badinel, Gray, Phillpotts, Zouch, Burgess,
Sumner, Gilly, Collinson, Faber, Hollingsworth, Hodg-
son, Le Mesurier, Gisberne, Owen, Thorpe, Townsend,
all promoted by Barrington, several men whose talents
have since elevated them to tho episcopal bench. He
was the friend not only of learned men, but of learning.
The new university of Durham, which his successor Dr.
Van Mildert established, was suggested and promoted by
Barrington. He was the friend of Bowyer and of Black -
stone, the latter of whom was his neighbour at Mongowell,
near Wallingford.

Of such & man to whom Paley owed so much, and
who will, at least, be known to after ages as his patron,
when his other good deeds are perchance forgotten, the
reader will, we are sure, pardon this brief notice.— Annual
Obituary, 1826, p. 85. Public Characters.—Imperial
Magazi Gentl ’s Magazine, 1826, p. 297, 518,
606. Annual Register, 1826, p. 237.

¢ It wonld secm that there is something peculiarly favourable to longevity in the air of Durham, for there
ar¢ some very singular instances of the length of time which its former bishops have held it.
Thus, Hugh Pudsey held it from 1153 to 1194 ; Thomas de Hatfield, from 1345 to 1381, or 36 years;

ad Nathaniel Lord Crewe, from 1674 to 1722, tho still longer period of 48 years.
+ “Ono hundred thousand pounds,” said this eloquent lawyer, * would not pay the munificent charities in which

the bishop had employed me.—Reminiscences, p. 97.”
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of my first and ever-honoured Patron had put me in possecssion of so liberal a provision in
the Church, as abundantly to satisfy my wants, and much to exceed my pretensions. Your
Lordship’s munificence, in conjunction with that of some other exccllent Prelates, who
regarded my services with the partiality with which your Lordship was pleased to consider
them, hath since placed me in ecclesiastical situations, more than adequate to every object
of reasonable ambition. In the mean time, a weak, and of late a painful, state of health,
deprived me of the power of discharging the duties of my station in a manner at all suitable,
either to my sense of those duties, or to my most anxious wishes concerning them. My
inability for the public functions of my profession, amongst other consequences, left me
much at leisure. That leisure was not to be lost. It was only in my study that I could
repair my deficiencies in the church ; it was only through the press that I could speak.
These circumstances entitled your Lordship in particular to call upon me for the onmly
species of exertion of which I was capable, and disposed me without hesitation to obey the
call in the best manner that I could. In the choice of a subject, I had no place left for
doubt : in saying which, I do not so much refer, either to the supreme importance of the
subject, or to any scepticism concerning it with which the present times are charged, as I
do to its connexion with the subjects treated of in my former publications. The following
discussion alone was wanted to make up my works into a system : in which works, such as
they are, the public have now before them the evidences of Natural Religion, the evidences
of Revealed Religion, and an account of the duties that result from both. It is of small
importance that they have been written in an order the very reverse of that in which
they ought to be read. I commend, therefore, the present volume to your Lordship’s
protection, not only as, in all probability, my last labour, but as the completion of a regular
and comprehensive design.

Hitherto, my Lord, I have been speaking of myself, and not of my Patron. Your Lord-
ship wants not tho testimony of a Dedication ; nor any testimony from me: I consult
therefore the impulse of my own mind alone when I declare, that in no respect has my
intercourse with your Lordship been more gratifying to me, than in the opportunities which
it has afforded me, of observing your eamest, active. and unwearied solicitude, for the
advancement of substantial Christianity ; a solicitude, nevertheless, accompanied with that
candour of mind, which suffers no subordinate differences of opinion, when there is a coin-
cidence in the main intention and object, to produce any alienation of esteem, or diminution
of favour. It is fortunate for a country, and honourable to its government, when qualitics
and dispositions like these are placed in high and influencing stations. Such is the sincere
judgment which I have formed of your Lordship's character and of its public value: my
personal obligations I can never forget. Under a due sense of both these considerations, I
beg leave to subscribe myself, with great respect and gratitude,

My Lorp,
Your Lordship's faithful
And most devoted servant,
Bishop's Wearmouth, WILLIAM PALEY.

July, 1802.



NATURAL THEOLOGY*.

CHAPTER 1.
STATE OF THE ARGUMENT.

IN crossing a heath, suppose I pitched my foot against a stone, and were asked how the
sone came to be there: I might possibly answer, that, for any thing I knew to the con-
trary, it had lain there for ever; nor would it perhaps be very easy to show the absurdity
of this answer. But suppose I had found a watck upon the ground, and it should be
inquired how the watch happened to be in that place; I should hardly think of the answer
which I had before given,—that, for any thing I knew, the watch might have always been
there. Yet why should not this answer serve for the watch as well as for the stone? why
is it not as admissible in the second case, as in the first? For this reason, and for no
other, viz. that, when we come to inspect the watch, we perceive (what we could not dis-
cover in the stone) that its several parts are framed and put together for a purpose, e. g.
that they are so formed and adjusted as to produce motion, and that motion so regulated
as to point out the hour of the day; that, if the different parts had been differently shaped
from what they are, of a different size from what they are, or placed after any other man-
ner, or in any other order, than that in which they are placed, either no motion at all
would have been carried on in the machine, or none which would have answered the use
that is now served by it. To reckon up a few of the plainest of these parts, and of their
offices, all tending to one result:—We see a cylindrical box containing a coiled elastic
spring, which by its endeavour to relax itself, turns round the box. We next observe a
flexible chain (artificially wrought for the sake of flexure) communicating the action of
the spring from the box to the fusee. We then find a series of wheels, the teeth of which
catch in, and apply to, each other, conducting the motion from the fusee to the balance,
and from the balance to the pointer: and at the same time, by the size and shape of those
wheels, 8o regulating that motion, as to terminate in causing an index, by an equable and

progreesion, to pass over a given space in a given time. 'We take notice that the

¢ Natoral Theology is a branch of our reasoned know-
ledgo that must have had its birth contemporary with
that of man. As soon as crcated he must have desired
to know his origin, and that of the world around him.
Every day’s experience would impress upon him the fact
that every thing was beautiful, every thing useful, every
thing in regulated order. “ Who made, what sustains,
me and them ? ** would be the q of his phi
ticated mind, and Milton was never truer to nature than

for it was by modern ingenuity, by modern logic, that it
was suggested that universal beauty might occur by
chance—universal contrivance have had no designer—and
universal order exist without a regulator.

In the oldest existing writings there were no such
deductions as these—their authors in their simplicity, or
if you will, in their ignorance, concluded that all things
must lnve hld s crutor, and that if they are llWl)'l

when ho pats theso words into the mouth of Adam:—

“ How camo I thus >—how here ?
Not of myself;—by some great Maker then,
In goodness and in power pre-ominent.”
Such would be the conclusion of an innocent mind ;

in intr , yet never running
into duorder, that that creator must be all-wise and all
powerful. Thus in two writings allowed to be three
thousand years old, it is said, “ The heavens declare the
glory of God ; and thc ﬁnnxmont showeth his handy-work.
Day unto dny uttercth speech, and night unto night
showcth knowledge.”” ¢ O Lord, how manifold are thy



26

NATURAL THEOLOGY,

wheels are made of brass in order to keep them from rust; the springs of steel, no other
metal being so elastic; that over the face of the watch there is placed a glass, a material
employed in no other part of the work, but in the room of which, if there had been any
other than a transparent substance, the hour could not be seen without opening the case.
This mechanism being observed (it requires indeed an examination of the instrument, and
perhaps some previous knowledge of the subject, to perceive and understand it ; but being
once, as we have said, observed and understood), the inference we think is inevitable, that

works! in wisdom hast thou made them all: the earth
is full of thy riches,”” (Psalms, xix. and civ.) * The
Lord by wisdom hath founded the earth ; by understand-
ing hath he established the heavens. By his knowledge the
depths are broken up, and the clouds drop down the
dow,” (Proverbs, iii. Sece also tho five last chapters of
Job.) Now it is {rue that since those days our know-
ledge has been continually on the increase—anatomy,
chemistry, astronomy, geology, and botany, have since
then grown into sciences; but do thc discoveries that
have been made in each at all tend to disprove the ox-
istence of a Creator? Do they not, on the contrary, all
unite in showing that the whole crcation is more com-
plicate, moro -tceming with wondrous contrivances, than
was suspected by the wisdom of the writers of those
books? Have not the same order, the same beautics,
recurred with changeless regularity during the thousands
of ycars that have elapsed since they passed to their
graves? If so—and the answer must be in the affirmative—
then have we more causes than they to perceive and to
admire the Creator, in the things created.

Neither are we better qualified than those writers to
judge of the legitimate inferences. They, to employ one of
Paley’s illustrations, were as capable then to conclude as
we are, that every watch must have had a maker. This
is one of those self-evident conclusions that it would be
ridiculous to set about proving, if to deny it had not,
under another form, boen part of the credulity of
scopticism.

Since the period in which those writings were com-
posed unto the presout time, cvery age, and every civi-
lised pation, has produced authors who have perceived
the Creator in the wonders of the material world.

The most ancient philosophers, however much they
differed in opinion as to the eternity of matter, alnost
unanimously agreed in ascribing the creation of the
world to God. Mercurius Trismegistus speaks of the Deity
as * the original of the world;" Homer denominates
him as “the great artificor—the maker of the world ;"
Aristotle, as ¢ the apparent cause of all things.”” ‘¢ The
world,”” said Plato, * is the most excellent of all created
beings—the world was made by God.” The belief of the
ancient heathens in a constant and particular providence,
is demonstrated by the whole of their mythology. The
mathematical regularity of the heavenly bodies convinced
them that the power and wisdom of a God is there, and
they presented their grateful offerings to Pheebus, to
Luna, and other deities, whom their mundane notions of a
God conceived y for the tatelage of the planet
The same finite notions attended their other acknow-

of Hygeia; and the diseased,’for relief, performed sacri-
fices upon the altar of ZEsculapius.

In later days men have appeared professing to doubt
the existence of a Great First Cause, or Creator ; and it is
to be lamented that they had, and have, many disciples.
It is not for us in this place to dwell upon the biographics
of such men, nor upon the fruits of their creed; because,
though bad moralists, bad relatives, and bad citizens,
philosophically counsidered that is no refutation of their
tenets. To coutrovert these, many works have been
written, but none that have obtained such celebrity as
thoso of Ray, Derham, and Paley. Since these have
appeared, science has every day yvielded some discovery,
marking forcibly the wisdom that dirccted the creation;
and to strengthen with theso the testimonies collected by
our author, has been the wish, as it has been the delight,
of the editors. They hope it has not boen a needless
effort. It was Paley's design to throw a concentrated
light upon each subject, and they have only endeavoured
to add a few fresh rays.

Some may suggest that that which is already sufficient,
need be added to no farther ; and if the object of Natural
Theology was satisfied as soon as it had demonstrated the
agency of God, wo should readily acquiesce in the restric-
tion. But this scienco, this corollary of the sciences, is
not luded by that d tration. The age is passed
when man was privileged so far as to hold converse with
his Maker; but Natural Theology restores us as far as is
permitted to that blessing from which we are fallen.
Though we are not permitted to walk with Him in the
garden, yet it enables us to traco the marks of his foot-
steps. Every such discovery brings with it not only the
pleasure that panies the i t of all know-
ledge, but the pleasure that attends the best of all wisdom
the knowledge of God. The proficient in Natural
Theology may fully adopt the eloquent address of the
psalmist, ¢ Whither shall I go from thy spirit? whither
shall I flee from thy pr ? Ifl d up into
heaven, thou art there ; if I make my bed in hell, behold
thou art there.” Of such knowledge there can be no
satiety. 'We are never wearied of hearing fresh reports
of the wisdom and power of our friends. Now we have
no friend equal to God.

Natural Theology also is the firm the constant ally of
the Christian dispensation. The claim of revelation to
universal acceptance is founded upon its being the will of
God. The first logical step is therefore to establish his
existence. Some minds have a happy facility of belief
requiring no such demonstration ; they look round upon
creation, and require no arguments to prove that it had a

\ Others are tionally doubters, require

earth, the winds, the flowers, every good gift, every per-
sonal endowment, had a presiding Deity assigned, whose
favour they endeavoured to propitiate, and whose sup-
posed anger they strove to assuage. They had no ic.les
of chance having to do with the creation or preservation
of the world; the husbandman thanked Ceres for his
bounteéous harvests ; and the gardeners of Peastum bowed
down to Flora for blessing their roses : the soldier im-
plored the aid of Mars in the days of battle ; the mariner
committed Limself to the care of Neptuno; the con-

ledgments of a particular pro id ; the the

every obstacle to be beaten down in the pathway to con-
viction, and the far greater portion of mankind aro troubled
by difficulties that appear in this nost important of
inquirics, Morcover every one, in the course of social
intercourse, mects with those who impugn the grounds of
his belief ; to such persons it is important to have an
unrefutable reply ; important, for the sake of the objector,
important for the mental quictude of the believer. With
this the apostle was convincingly impressed, when he
wrote, “ Be ready always to give an answer to every man

valescent offered up their hymns of thanks in the pl

that asketh you a of the hope that is in you.”
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the watch must have had a maker: that there must have cxisted, at some time, and at
some place or other, an artificer or artificers who formed it for the purpose which we find
it actually to answer : who comprehended its construction, and designed its use.

I. Nor would it, I apprehend, weaken the conclusion, that we had never seen a watch
made; that we had never known an artist capable of making one; that we were altogether
mupable of executing such a piece of workmanship ourselves, or of understanding in what
manner it was performed ; all this being no more than what is true of some exquisite
remains of ancient art, of some lost arts, and, to the genera.hty of mankind, of the more
curious productions of modern manufacture. Does one man in a million know how oval
frames are turned ? Ignorance of this kind exalts our opinion of the unseen and unknown
artist’s skill, if he be unseen and unknown, but raises no doubt in our minds of the exist-
ence and agency of such an artist, at some former time, and in some place or other. Nor
can I perceive that it varies at all the inference, whether the question arise concerning a
human agent, or concerning an agent of a different species, or an agent possessing, in some
respects, a different nature.

II. Neither, secondly, would it invalidate our conclusion, that the watch sometimes
went wrong, or that it seldom went exactly nght The purpose of the machinery, the
design, and the designer, might be evident, and in the case supposed would be evident, in
whatever way we accounted for the irregularity of the movement, or whether we could
account for it or not. It is not necessary that a machine be perfect, in order to shew with
what design it was made : still less necessary, where the only question is, whether it were
made with any design at all.

III. Nor, thirdly, would it bring any uncertainty into the argument, if there were a few -
parts of the watch, concerning which we could not discover, or had not yet discovered, in
what manner they conduced to the general effect ; or even some parts, concerning which
we could not ascertain, whether they conduced to that effect in any manner whatever.
For, as to the first branch of the case; if by the loss, or disorder, or decay, of the parts in
question, the movement of the watch were found in fact to be stopped, or disturbed, or
retarded, no doubt would remain in our minds as to the utility or intention of these parts,
although we should be unable to investigate the manner according to which, or the con-
nection by which, the ultimate effect depended upon their action or assistance ; and the
more complex is the machine, the more likely ig this obscurity to arise. Then, as to the
second thing supposed, namely, that there were parts which might be spared, without
prejudice to the movement of the watch, and that we had proved this by experiment,—
these superfluous parts, even if we were completoly assured that they were such, would
not vacate the reasoning which we had instituted concerning other parts. The indication
of contrivance remained, with respect to them, nearly as it was before.

IV. Nor, fourthly, would any man in his senses think the existence of the watch, with
its various machinery, accounted for, by being told that it was one out of possible com-
binations of material forms ; that whatever he had found in the place where he found the
watch, must have contained some internal configuration or other; and that this configura-
tion might be the structure now exhibited, viz. of the works of a watch, as well aa a
different structure.

V. Nor, fifthly, would it yield his inquiry more satisfaction, to be answered, that there
existed in things a principle of order, which had disposed the parts of the watch into their
present form and situation. He never knew a watch made by the principle of order; nor
can he even form to himself an idea of what is meant by a principle of order, distinct from
the intelligence of the watchmaker.

VI. Sixthly, he would be surprised to hear that the mechanism of the watch was no
proof of contrivance, only a motive to induce the mind to think so:

VII. And not less surprised to be informed, that the watch in his hand was nothing
more than the result of the laws of metallic nature. It is a perversion of language to
assign any law, as the efficient, operative cause of any thing. A law presupposes an agent ;
for it is only the mode, according to which an agent proceeds: it implies a power ; for it
is the order, according to which that power acts. Without this agent, without this power,
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which are both distinct from itself, the law does nothing, is nothing. The exprossion, «the
law of metallic nature,” may sound strange and harsh to a philosophic ear; but it scems
quite as justifiable as some others which are more familiar to him, such as “the law of
vegotable nature,” ¢ the law of animal nature,” or indeed as * the law of nature” in general,
when assigned as the cause of phenomena, in exclusion of agency and power ; or when it is
substituted into the place of these.

VIII. Neither, lastly, would our observer be driven out of his conclusion, or from his
confidence in its truth, by being told that he knew nothing at all about the matter. He
knows enough for his argument: he knows the utility of the end: he knows the subser-
viency and adaptation of the means to the end. These points being known, his ignorance
of other points, his doubts concerning other points, affect not the certainty of his reasoning.
The consciousness of knowing little, nced not beget a distrust of that which he does
know.

CHAPTER II.
STATE OF THE ARGUMENT CONTINUED.

SupPose, in the next place, that the person who found the watch, should, after some time,

discover, that, in addition to all the properties which he had hitherto observed in it, it

the unexpected property of producing, in the course of its movement, another

watch like itself (the thing is conceivable): that it contained within it a mechanism, a

system of parts, a mould for instance, or a complex adjustment of laths, files, and other

tools, evidently and separately calculated for this purpose; let us inquire, what effect ought
such a discovery to have upon his former conclusion.

1. The first effect would be to increase his admiration of the contrivance, and his con-
viction of the consummate skill of the contriver. Whether he regarded the object of the
contrivance, the distinct apparatus, the intricate, yet in many parts intelligible mechanism,
by which it was carried on, he would perceive, in this new observation, nothing but an
additional reason for doing what he had already done,—for referring the construction of the
watch to design, and to supreme art. If that construction ewithout this property, or which
is the same thing, before this property had been noticed, proved intention and art to have
been employed about it; still more strong would the proof appear, when he came to the
knowledge of this farther property, the crown and perfection of all the rest.

II. He would reflect, that though the watch before him were, in some sense, the maker
of the watch, which was fabricated in the course of its movements, yet it was in a very
different sense from that, in which a carpenter, for instance, is the maker of a chair; the
author of its contrivance, the cause of the relation of its parts to their use. With respect
to these, the first watch was no cause at all to the second ; in no such sense as this was it
the author of the constitution and order, either of the parts which the new watch con-
tained, or of the parts by the aid and instrumentality of which it was produced. We
might possibly say, but with great latitude of expression, that a stream of water ground
comn: but no latitude of expression would allow us to say, no stretch of conjecture would
lead us to think, that the stream of water built the mill, though it were too ancient for us
to know who the builder was. What the stream of water does in the affair, is neither
more nor less than this; by the application of an unintelligent impulse to a mechanism
previously arranged, arranged independently of it, and arranged by intelligence, an effect
is produced, viz. the corn is ground. But the effect results from the arrangement. The
force of the stream cannot be said to be the cause or author of the effect, still less of the
arrangement. Understanding and plan in the formation of the mill were not the less neces-
sary, for any share which the water has in grinding the corn; yet is the share the same,
a8 that which the watch would have contributed to the production of the new watch,
upon the supposition assumed in the last section. Therefore,
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III. Though it be now no longer probable, that the individual watch, which our observer
had found, was made immediately by the hand of an artificer, yet doth not this alteration
in any wise affect the inference, that an artificer had been originally employed and concerned
in the production. The argument from design remains as it was. Marks of design and
contrivance are no more accounted for now, than they were before. In the same thing, we
may ask for the cause of different properties. 'We may ask for the cause of the colour of a
body, of its hardness, of its heat; and these causes may be all different. We are now
asking for the cause of that subserviency to a use, that relation to an end, which we have
remarked in the watch before us. No answer is given to this question, by telling us that
a preceding watch produced it. There cannot be design without a desigmer; contrivance,
without a contriver ; order, without choice; arrangement, without any thing capable of
amanging ; subserviency and relation to a purpose, without that which could intend a
purpose ; means suitable to an end, and executing their office in accomplishing that end,
without the end ever having been contemplated, or the means accommodated to it.
Arrangement, disposition of parts, subserviency of means to an end, relation of instruments
to a use, imply the presence of intelligence and mind. No one, thercfore, can rationally
believe, that the insensible, inanimate watch, from which the watch before us issued, was
the proper cause of the mechanism we so much admire in it ;—could be truly said to have
constructed the instrument, disposed its parts, assigned their office, determined their order,
action, and mutual dependency, combined their several motions into one result, and that
also a result connected with the utilities of other beings. All these properties, therefore,
are as much unaccounted for, as they were before.

IV. Nor is any thing gained by running the difficulty farther back, ¢. e. by supposing
the watch before us to have been produced from another watch, that from a former, and so
on indefinitely. Our going back ever so far, brings us no nearer to the least degree of
satisfaction upon the subject. Contrivance is still unaccounted for. We still want a
contriver. A designing mind is neither supplied by this supposition, nor dispensed with.
If the difficulty were diminished the farther we went back, by going back indefinitely we
might exhaust it. And this is the only case to which this sort of reasoning applies.
Where there is a tendency, or, as we increase the number of terms, a continual approach
towards a limit, tkere, by supposing the number of terms to be what is called infinite, we
may conceive the limit to be attained : but where there is no such tendency or approach,
nothing is effected by lengthening the series. There is no difference as to the point in
question (whatever there may be as to many points), between one series and another;
between a series which is finite and a series which is infinite. A chain, composed of an
infinite number of links, can no more support itself, than a chain composed of a finite
number of links. And of this we are assured (though we never can have tried the
experiment), because by increasing the number of links, from ten for instance to & hundred,
from a hundred to a thousand, &c. we make not the smallest approach, we observe not the
smallest tendency, towards self-support. There is no difference in this respect (yet there
may be a great difference in several respects) between a chain of a greater or less length,
between one chain and another, between one that is finite and one that is infinite. This
very much resembles the casc before us. The machine which we are inspecting, demonstrates,
by its comstruction, contrivance and design. Contrivance must have had a contriver; -
design, a designer; whether the machine immediately proceeded from another machine or
not. That circumstance alters not the case. That other machine may, in like manner,
have procecded from a former machine: nor does that alter the case; contrivance must
have had a contriver. That former one from one preceding it: no alteration still; a con-
triver is still necessary. No tendency is perceived, no approach towards a diminution of
this necessity It is the same with any and every succession of these machines ; a succession
of ten, of a hundred, of a thousand; with one series, as with another; a scrics which is
finite, as with a series which is infinite. In whatever other respects they may differ, in this
they do not. In all equally, contrivance and design are unaccounted for.

The question is not simply, How came the first watch into cxistence? which question, it
may be pretended, is done away by supposing the series of watches thus produced from one
another to have becn infinite, and consequently to have had no such first, for which it was
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necessary to provide a cause. This, perhaps, would have been nearly the state of the
question, if nothing had been before us but an unorganised, unmechanised substance, without
mark or indication of contrivance. It might be difficult to show that such substance could
not have existed from eternity, either in succession (if it were possible, which I think it is
not, for unorganised bodies to spring from one another), or by individual perpetuity. But
that is not the question now. To suppose it to be so, is to suppose that it made no difference
whether he had found a watch or a stone. As it is, the metaphysics of that question have
no place; for, in the watch which we are examining, are seen contrivance, design ; an eng,
a purpose ; means for the end, adaption to the purpose. And the question which irresistibly
presses upon our thoughts, is, Whence this contrivance and design? The thing required is
the intending mind, the adapted hand, the intelligence by which that hand was directed.
This question, this demand, is not shaken off, by increasing a number or succession of sub-
stances, destitute of these properties ; nor the more, by increasing that number to infinity.
If it be said, that, upon the supposition of one watch being produced from another in the
course of that other's movements, and by means of the mechanism within it, we have a
cause for the watch in my hand, viz. the watch from which it proceeded : I deny, that for
the design, the contrivance, the suitableness of means to an end, the adaption of instruments
to a use (all which we discover in the watch), we have any cause whatever. It is in vain,
therefore, to assign a scries of such causes, or to allege that a scries may be carried back to
infinity ; for I do not admit that we have yet any cause at all of the phenomena, still less
any serics of causes either finite or infinite. Here is contrivance, but no contriver ; proofs
of design, but no designer.

V. Our observer would farther also reflect, that the maker of the watch before him, was,
in truth and reality, the maker of every watch produced from it: there being no difference
(except that the latter manifests a more exquisite skill) between the making of another
watch with his own hands, by the mediation of files, laths, chisels, &c. and the disposing,
fixing, and inserting, of these instruments, or of others equivalent to them, in the body of
the watch already made in such a manner, as to form a new watch in the course of the
movements which he had given to the old one. It is only working by one set of tools,
instead of another.

The conclusion which the first examination of the watch, of its works, construction, and
movement, suggested, was, that it must have had, for the cause and author of that construc-
tion, an artificer, who understood its mechanism, and designed its use. This conclusion is
invincible. A second examination presents us with a new discovery. The watch is found,
in the course of its movement, to produce another watch, similar to itself; and not only so,
but we perceive in it a system or organisation, separately calculated for that purpose.
What effect would this discovery have, or ought it to have, upon our former inference?
‘What, as hath already been said, but to increase, beyond measure, our admiration of the
skill, which had been employed in the formation of such a machine ? Or shall it, instead of
this, all at once turn us round to an opposite conclusion, viz. that no art or skill whatever
has been concerned in the business, although all other evidences of art and ekill remain as
they were, and this last and supreme piece of art be now added to the rest? Can this be
maintained without absurdity ? Yet this is atheism *.

® Ono of the greatest of chemical philosophers, the
illustrious Davy, who brought to the investigation a
talent, and a love of truth never excelled, seems to have
had this eloquent and logical statement of Paley's in his

tion and the regulation must be derived from the
artist. Sounds may be produced by undulations of the
air, undulations of the air by vibrations of musical
but the impulse and the melody must arise from the

ter."—Chem. Phil. 180.

memory, when he was writing the luding passages of
his chapters “ on the Powers and Propertios of Matter.”
¢ Active powers,’’ said this highly gifted chemist, * must
be supposed to bo b d upon some species of matter,
and the impulse must bo ultimately derived from the
same source. In the universe nothing can be said to be
automatic, as nothing can be said te be without design.
An imperfect parallel may be found in humaa inventions ;
springs may movo springs, and wheels, indcxes ; but the

The watch so fully, so ably, employed by Paley, as an
illustration, had been simnilarly reasoned from many yecars
previously by a French author, translated by a Mr. Dalo
in his ¢ Philosophical Conversations.”” But cven where
our author is deficient in originality, he excels in the
modo of application ; ho had a mental alchemy posscesed
by few other authors,

No porson perhaps ever possessod the power of improve
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CHAPTER l11I.

APPLICATION OF THE ARGUMENT.

THis is atheism ; for every indication of contrivance, every manifestation of design, which
existed in the wa.tch exists in the works of nature; with the difference, on the side of
nature, of being greater and more, and that in a degree which exceeds all computation. I
mean that the contrivances of nature ass the contrivances of art, in the complexity,
subtilty, and curiosity, of the mechanism; and still more, if possible, do they go beyond
them in number and variety : yet, in a multitude of cases, are not less cvidently mechanical,
not less evidently contrivances, not less evidently accommodated to their end, or suited to
their office, than are the most perfect productions of human ingenuity.

I'know no better method of introducing so large a subject, than that of companng a single

with a smgle thing: an eye, for example, with. a telescope®. As far as the
examination of the instrument goes, there is precisely the same proof that the eye was made
for vision, as there is that the te(l’&pe was made for assisting it. They are made upon the
same principles ; both being adjusted to the laws by which the transmission and refraction
of rays of light are regulated. I speak not of the origin of the laws themselves; but such
laws being fixed, the construction, in both cases, is adapted to them. For instance ; these
laws require, in order to produce the same effect, that the rays of light, in passing from
water into the eye, should be refracted by a more convex surface, than when it passes out of
air into the eye. Accordingly we find that the eye of a fish, in that part of it called the
crystalline lens, is much rounder than the eye of terrestrial animals. What plainer mani-
festation of design can there be than this difference? What could a mathematical instru-
ment-maker have done more to shew his knowledge of his principle, his application of that

mgnponthownnngl of others to a happier degrec than
Paley ; the driest materials become popular
sad eloqnat of modernising phrases, and polishing tho
coarsest diction.

Thus the materials for this great work were almost
entirely derived from the writings of Derham, especially
from the “ Physico-Theology; ™ the very titles of some
of Derham’s chapters indicate the similarity of plan
followed by both these talented authors, as for instance,
in the ¢ Physico-Theology,” we find ** Of Animals in
geoeral,” ¢ Of the Eye,” “ Of the Sense of Hearing, and
of Sound,” “ Of the Sense of Smelling,” * Of the Taste,”
“Of Respiration,” “Of the Balauce of Animals, or tho
doe Proportion in which the World is stocked with
them,” “ Of the Consent between the Parts of Man's
Body,” “ Of the Variety of Men's Faces, Voices, and
Haadwriting,” “ Of the Incubation of Birds,” “Of the
Shape and Structure of Insects,” “ The Sagacity of Insects
to securo themselves against Winter,” “ Of the Inhabi-
tants of the Waters,” ““ Of Vegotables, Flowers, and
Soeds,”” &c. &c.

This excellent Christian philosopher, the friend of Ray,
and of all lovers of science, was born in 1657, was ap-
peinted in 1711 to preach the lectare in Bow church,
founded by the great Boyle, the substance of which he
afterwards published under the title of ** Physico-Theology,
or 2 demonstration of the Being and Attributes of God,
from his Works of Creation:’ he published also,
* Astro-Theology, or & demonstration of the Being and
Attributes of God, from s Survey of the Heavens;™ a
work on “ Watch and Clock Work,” and many curious
pepers in the Royal Bociety’s 'l‘rm.ctwm,of which he
was one of the most indefatigable membors.

He also edited some of Ray's works; died in 1735,
and lies buried at Upminster, in Essex, of which pari
he was long the beloved vicar—Ray’s Letters. Philo-
sophical Transactions, numbers 236 to 411, Biographia
Britannica.

® The eye, says Dr. Young, exhibits to an attentive
observer, an arrangement of various substances, so correctly
and delicately adapted to the purposes of vision, that we
cannot help admiring, at every step, the wisdom by which
each part is adjusted to the rest, and made to conspire
in effects, so remote from what the mere external appear-
ance promises, that we have only been able to under-
stand by means of laborious investigation, the nature and
operations of this wonderful structure, while its whole
mechanism still remains far beyond all rivalship of
human lrt.—-Loctum on Nltunl Philosopby.

The in d by B‘pmtt Porta, in
1560, gavo the first ides how the actual images of ex-
wrnsl objects might be conveyed into the ey¢, but it was
not until after the lapse of years, that Kepler, the im-
mortal discoverer of those grut laws whn:h regulate the
periods and motions of the p , P d out distinctly
the offices performed by the ‘several parts of the eye in the
act of vision. From this to the invention of the tel
and microscope, there seems but a emall step, yot these
were the discovefies of accident, rather than of design, and
the re-invention of the telcscope by Galilco, on a mere
description of its effects, serves among a thousand similar
instauces to show that inestimable practical applications
lie open to us, if wo can only bring oursclves to conceive
their possibility.—Hcrachel, on the Study of Natural
Philosophy.
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knowledge, his suiting of his means to his end ; I will not say to display the compass or
excellence of his skill and art, for in these all comparison is indecorous, but to testify
counsel, choice, consideration, purpose ?

To some it may appear a difference sufficient to destroy all similitude between the eye and
the telescope, that the one is a perceiving organ, the other an unperceiving instrument. The
fact is, that they are both instruments. And, as to the mechanism, at least as to mecha-
nism being employed, and even as to the kind of it, this circumstance varies not the analogy
at all. For observe, what the constitution of the eye is. It is necessary, in order to produce
distinct vision, that an image or picture of the object be formed at the bottom of the eye.
‘Whence this necessity arises, or how the picture is connected with the sensation, or con-
tributes to it, it may be difficult, nay, we will confess, if you please, impossible for us to
search out. But the present question is not concerned in the inquiry. It may be true,
that, in! this, and in other instances, we trace mechanical contrivance a certain way ; and
that then we come to something which is not mechanical, or which is inscrutable. But
this affects not the certainty of our investigation, as far as we have gone. The difference
between an animal and an automatic statue, consists in this,—that, in the animal, we trace
the mechanism to a certain point, and then we arestopped ; either the mechanism becoming
too subtle for our discernment, or something else besides the known laws of mechanism
taking place; whereas, in the automaton, for the comparatively few motions of which it is
capable, we trace the mechanism throughout. But, up to the limit, the reasoning is as
clear and certain in the ome case, as in the other. In the example before us, it is
a matter of certainty, because it is a matter which experience and observation demon-
strate, that the formation of an image at the bottom of the cye is necessary to perfect
vision. The image itself can be shewn. Whatever affects the distinctness of the image,
affects the distinctness of the vision. The formation then of such an image being necessary
(no matter how) to the sense of sight, and to the exercise of that sense, the apparatus by
which it is formed is constructed and put togcther, not only with infinitely more art, but
upon the sclf-same principles of art, as in the telescope or the camera-obscura. The per-
ception arising from the image may be laid out of the question ; for the production of
the image, these are instruments of the same kind. The end is the same; the means are
the same. The purpose in both is alike ; the contrivance for accomplishing that purpose is
in both alike. The lenses of the telescope, and the humours of the eye, bear a complete
resemblance to one another, in their figure, their position, and in their power over the rays of
light, viz. in bringing each pencil to a point at the right distance from the lens; namely, in
the eye, at the exact place where the membrane is spread to receive it. How is it possible,
under circumstances of such close affinity, and under the operation of equal evidence, to
exclude contrivance from the one; yet to acknowledge the proof of contrivance having been
employed, as the plainest and clearest of all propositions, in the other ?

The resemblance between the two cases is still more accurate, and obtains in more points
than we have yet represented, or than we are, on the first view of the subject, aware of.
In dioptric telescopes there is an imperfoction of this nature. Pencils of light, in passing
through glass lenses, are separated into different colours, thereby tinging the object, especially
the edges of it, as if it were viewed through a prism. To correct this inconvenience, had
been long a desideratum in the art. At last it came into the mind of a sagacious optician,
to inquire how this matter was managed in the eyec ; in which, there was exactly the same
difficulty to contend with, as in the telescope ®*. His observation taught him, that, in the
eye, the evil was cured by combining lenses composed of different substances, i.e. of
substances which possessed different refracting powers. Our artist borrowed thence his
hint ; and produced a correction of the defect by imitating, in glasses made from different

® This discovery of the achromatic telescope is not

complete and happy execution of tho ides. ¢ It is,”’
quite accuratcly stated by Paley. Dollond, the optician i

obscrves Mr. Herschel, ¢ a lo case in

alluded to, was discussing with Klingenstierna, an emi-
nent Swedish philosopher, and the celcbrated tor

though not a singular one, whero the speculative goomete;
in his chamber, apart from the world, and cxisting among

Eulor, some abstract thcorctical investigations of the lat-
ter, which led him to speculate on the possibility of im-
proving the telescope, and terminated in our yman's

abstractious, has originated views of the noblost practical
application.”—On the Study of Natural Philosophy.
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materials, the effects of the different humours through which the rays of light pass before
they reach the bottom of the eye. Could this be in the eye without purpose, which sug-
gested to the optician the only effectual means of attaining that purpose ?

But farther ; there are other points, not so much perhaps of strict resemblance betwcen
the two, as of superiority of the eye over the telescope ; yet of a superiority which, being
founded in the laws that regulate both, may furnish topics of fair and just comparison.
Two things were wanted to the eye, which were not wanted (at least in the same degree)
to the telescope ; and theso were the adaptation of the organ, first, to different degrees of
light ; and secondly, to the vast diversity of distance, at which objects are viewed by the
naked eye, viz. from a few inches to as many miles. These difficulties present not them-
selves to the maker of the telescope. He wants all the light he can get; and he never
directs his instrument to objects near at hand. In the eye, both these cases were to be
provided for ; and for the purpose of providing for them, a subtile and appropriate mecha~
nism is introduced.

I. Inorderto exclude excess of light, when it is excessive, and to render objects visible
under obscurer degrees of it, when no more can be had, the hole or aperture in the eye,
through which the light enters, is so formed, as to contract or dilate itself for the purpose of
admitting a greater or less number of rays at the same time. The chamber of the eye is a
camera-obecura, which, when the light is too small, can enlarge its opening: when too
strong, can again contract it: and that without any other assistance than that of its own
exquisite machinery. It is farther also, in the human subject, to be observed, that this
hole in the eye, which we call the pupil, under all its different dimensions, retains its
exact circular shape. This is a structure extremely artificial. Let an artist only try to
execute the same ; he will find that his threads and strings must be disposed with great
consideration and contrivance, to make a circle which shall continually change its diameter,
yet preserve its form. This is done in the eye by an application of fibres, i. ¢. of strings
similar, in their position and action, to what an artist would and must employ, if he had
the same piece of workmanship to perform *.

I1. The second difficulty which has been stated, was the suiting of the same organ to the
perception of objects that lie near at hand, within a few inches, we will suppose of the eye,
and of objects which are placed at a considerable distance from it, that, for example, of as
many furlongs (I speak in both cases of the distance at which distinct vision can be exer-
cised). Now this, according to the principles of optics, that is, according to the laws by
which the transmission of light is regulated (and these laws are fixed), could not be done
without the organ itself undergoing an alteration, and receiving an adjustment, that might
correspond with the exigency of the case, that is to say, with the different inclination to
one another under which the rays of light reached it. Rays issuing from points placed at
a small distance from the eye, and which constantly must enter the eye in a spreading or
diverging order, cannot, by the same optical instrument in the same state, be brought to a
point, i. e. be made to form an image, in the same place with rays proceeding from objects
situated at a much greater distance, and which rays arrive at the eye in directions nearly
(and physically speaking) parallel. It requires a rounder lens to do it. The point of con-
course behind the lens must fall critically upon the retina, or the vision is confused ; yet,
ather things remaining the same, this point, by the immutable properties of light, is carried
farther back when the rays proceed from a near object, than when they are sent from one
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® The exclusion of t0o great an cxcess of light was not
the only difficulty, humanly speaking, that had to be
overcome in the formation of an organ, to be usefully
employed by all animals, for some of these are in motion
oaly daring the hours of darkness. A change of appars-
tes was here required to render it available during the
greatest abeence of light. It has been found the noctur-
ml animals have eyes with very dilatable pupils; and
very little of that dark substance (pigmentum nigrum),
80 abundant between the retina and the choroid coat of
those creatures that appear most in the sunlight hours.
The cousequences aro obvious, the eyes of the former

are better adapted to receive, and more susceptible of the
influence of light. Moreover, the eyes of nocturnal
animals have an organisation which reflects light from the
back of the eye upon the pupils, and thus gives them
the repeated benefit of every ray. It is certain, that those
of the cat are luminous in the dark ; and there are not
wanting exsmples of men in very early periods, as well as
in modern times, who, under certain circrmstances of
excitcment, or after long confinement in darkness, could
tce during the almost total privation of light.—Pliny,
Dr. Willis, Dr. Briggs, Mr. Boyle.

D
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that is remote. A person who was using an optical instmmeut would manage this matter
by changing, as the occasion required, his lens or his telescope ; or by adjusting the distance
of his glasses with his hand or his screw : but how is this to be managed in the eye ?
‘What the alteration was, or in what part of the eye it took place, or by what means it was
effected (for if the known laws which govern the refraction of light be maintained, some
alteration in the state of the organ there must be), had longed formed a subject of inquiry
and conjecture. The change, though sufficient for the purpose, is so minute as to elude
ordinary observation. Some very late discoveries, deduced from a laborious and most accu-
rate inspection of the structure and operation of the organ, seem at length to have ascertained
the mechanical alteration which the parts of the eye undergo. It is found, that by the
action of certain muscles, called the straight muscles, and which action is the most advan-
tageous that could be imagined for the purpose,—it is found, I say, that whenever the eye
is directed to a near object, three changes are produced in it at the same time, all severally
contributing to the adjustment required. The cornea, or outermost coat of the eye, is ren-
dered more round and prominent : the crystalline lens underneath is pushed forward ; and
the axis of vision, as the depth of the eye is called, is elongated. These changes in the eye
vary its power over the rays of light in such a manner and degree as to produce exactly the
effect which is wanted, viz. the formation of an image wupon the retina, whether the rays
come tothe eye in a state of divergency, which is the case when the object is near
to the eye, or come parallel to one another, which is the case when the object is placed at a
distance. Can any thing be more decisive of contrivance than thisis? The most secret
laws of optics must have been known to the author of a structure endowed with such a
capacity of change. It is as though an optician, when he had a nearer object to view,
should rectify his instrument by putting in another glass, at the same time drawing out also
his tube to a different length.

Observe a new-born child first lifting up its eyelids. What does the opening of the cur-
tain discover? The anterior part of two pellucid globes, which, when they come to be
examined, are found to be constructed upon strict optical principles ; the self-same principles
npon which we ourselves construct optical instruments. We find them perfect for the pur-
pose of forming an image by refraction ; composed of parts executing different offices : one
part having fulfilled its office upon the pencil of light, delivering it over to the action of
another part ; that to a third, and so onward : the progressive action depending for its suc-
cess upon the nicest and minutest adjustment of the parts concerned : yet these parts so in
fact adjusted, as to produce, not by a simple action or effect, but by a combination of actions
and effects, the result which is ultimately wanted. And forasmuch as this organ would
have to operate under different circumstances, with strong degrees of light and with weak
degrees, upon near objects and upon remote ones, and these differences demanded, according
to the laws by which the transmission of light is regulated, a corresponding diversity of
structure ; that the aperture, for example, through which the light passes, should be larger
or less ; the lenses rounder or flatter, or that their distance from the tablet, upon which the
picture is delineated, should be shortened or lengthened ; this, I say, being the case and the
difficulty to which the eye was to be adapted, we find its several parts capable of being occa-
sionally changed, and a most artificial apparatus provided to produce that change. ~This is
far beyond the common regulator of a watch, which requires the touch of a foreign hand to set
it : but it is not altogether unlike Harrison’s contrivance for making a watch regulate itself,
by inserting within it a machinery, which by the artful use of the different expansion of
metals, preserves the equability of the motion under all the various temperatures of heat and
cold in which the instrument may happen to be placed. The ingenuity of this last contri-
vance has been justly praised. Shall, therefore, a structure which differs from it chiefly by
surpassing it, be accounted no contrivance at all ? or, if it be a contrivance, that is without
a contriver *?

¢ The motions of tho eye, multitudinous in variety, directing the axis of the eyo towards differcnt pointe.
aud rapid as they are, aro not among the phenomena According to their attachments they will elevate or de-
least worthy of remark in this wondrous organ. The im- press the pupil, tarn it towards the nose or the temple.
mediate action of the recli-muscles are «imply those of By the different combined actions of these muscles, the
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But this, though much, is not the whole : by different species of animals the faculty we
are describing is in degrees suited to the different range of vision which their
mode of life, and of procuring their food, requires. Birds, for instance, in general procure
their food by means of their beak ; and, the distance between the eye and the point of the
beak being small, it becomes necessary that they should have the power of seeing very near
object.s distinctly On the other hand, from being often elevated much above the ground,
living in the ur, and moving through it with great velocity, they require for their safety, as
well as for them in descrying their prey, a power of seeing at a great distance; a
power of which, in birds of rapine, surprising examples are given. The fact accordingly is,
that two peculiarities are found in the eyes of birds, both tending to facilitate the change
upon which the adjustment of the eye to different distances depends. The one is a bony,
yet, in most species, a flexible rim or hoop, surrounding the broadest part of the eye;
which, confining the action of the muscles to that part, increases the effect of their lateral pres-
sure upon the orb, by which pressure its axis is elongated for the purpose of looking at very
near objects. The other is an additional muscle, called the marsupium, to draw, on occasion,
the crystalline lens dack, and to fit the same eye for the viewing of very distant objects.
By theee means, the eyes of birds can pass from one extreme to another of their scale of
adjustment, with more ease and readiness than the eyes of other animals *,

The eyes of fishes also, compared with those of terrestrial animals, exhibit certain dis-
tinctions of structure, adapted to their state and element. We have already observed upon
the figure of the crystalline compensating by its roundness tho density of the medium
through which their light passes. To which we have to add, that the eyes of fish, in their
natural and indolent state, appear to be adjusted to near ohjects, in this respect differing
from the human eye, as well as those of quadrupeds and birds. The ordinary shape of the
fish’s eye being in a much higher degree convex than that of land animals, a corresponding
difference attends its muscular conformation, viz. that it is throughout calculated for flatten-
tag the eye.

The iris also in the eyes of fish does not admit of contraction. This is a great difference,
of which the probable reason is, that the diminished light in water is never too strong for
the retina.

In the eel, which has to work its head through sand and gravel, the roughest and
eye may be moved in any of the intermediate angles.

the jon of such actions it may be moved rapidly
reund mhtho orbit. 1In all these cases tho action of one

derated by its opp The of
rotation inwards and outwards, motions in which the eye

to be where thcy were required, but also kappen to be
in the best possible place.

The human eye is calculated for motion in almost
every direction ; indeed, the idea of the universal joint
must have been suggested by it. To those animals who

dees not move from its place, but only on its axis, are
executed, the first by the superior, the last by the inferior
bliq By the d action of the six, we are enabled
to preserve the eye in the same relative poeition with
regard to the object, whether it be at motion, or at rost;
=d whether the head is fixed or moving in any direction,
a8 to alter its position with respect to any object; in
short, we can by their means direct the eye to any point,
aad koep it fixed thero under any change of the situation
of cither. To use the expressive words of Mr, Hunter,
*“the object becomes as it were the centre of motion, or
a xed point, commanding the direction of the actions of
the eye, as the north demands the direction of the needlc,
let the box in which it is placed bo moved in what direc-
tion it may.”—(Rees’ Cyclopmdia. Art. “ Eyo.” An ad-
mirable essay.) Now all this arrangement is very mecha-
nical, and it appears upon dceper investigation that the
mechanism s srranged and applied, just as any one perfect-
ly skilled in mechanics would direct ; there is not oven the
most common of all the attributes of chance connected
with it, it is not even occasionally misplaced. For in-
lhle. theso muscles that to the motions of the
considerably before the transverse vertical

inm of its globe, thereby obtaining an extent of
power which would bave been denied them, if attached
behind that line. TLlus the muscles not ouly happen

have not this mobility of eye, various compensations are
given. The snail, the lobster, and others, have the eyo
placed upon a column, that can be bent towards tho
object to be ohserved. Others have the number of their
eyes increased, Spiders have from four to eight; scor-
pions one hundred, and in the minute ephemeron, Swam-
merdam observed two thoueand.

The mole, so long supposed to be blind, is now known
to havo eycs of a very admirable structure. Borrichius,
Blasius, &c. have shewn that these organs arc preserved
from injury during its underground operations by being
deeply seated in the cranium, and the orifices are well
protected by pawerful cyelids and its fur. 'When vision
would be of service, the animal bas the power to protrude
them in the same manner as the enail.

* Mr. Philip Crampton combats the idea that the
marsupium is the agent employed in regulating the focal
distance in the eyes of birds ; but in doing so he endea-
vours to establish, and apparently successfully, the em-
ployment of another muscle more decidedly connected
with the bony hoops of their visual organs, and better cal-
culated to depress their convexity.—Annals of Philo.
sophy, 1813.

Snppoling him to be corrcct, this does not weaken
Paley’s argument ; there is still a contrivance for a pare

tic: lar purpose.
p2
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hardest substances, there is placed before the eye, and at some distance from it, a trans-
parent, horny, convex case or covering, which, without obstructing the sight, defends the
organ. To such an animal, could any thing be more wanted or more useful ?

Thus, in comparing the eyes of different kinds of animals, we see in their resemblances
and distinctions, one _general plan laid down, and that plan varied with the varying
exlgences to which it is to be applied.

There is one property however common, I believe, to all eyes, at least to all which have
been examined *, namely, that the optic nerve enters the bottom of the eye, not in the
centre, or middle, but a little on one side : not in the point where the axis of the eye meets
the retina, but between that point and the nose. The difference which this makes is, that
no part of an object is unperceived by hoth eyes at the same time t.

In considering vision as achieved by the means of an image formed at the bottom of the
eye, we can never reflect without wonder upon the smallness, yet correctness, of the picture,
the subtilty of the touch, the fineness of the lines. A landscape of five or six square
leagues is brought into a space of half an inch diameter; yet the multitude of objects which
it contains, are all preserved, are all discriminated in their magnitudes, positions, figures,
colours, The prospect from Hampstead-hill is compressed into the compass of a sixpence,
yet circumstantially represented. A stage coach, travelling at its ordinary speed for half
an hour, passes, in the eye, over one twelfth of an inch, yet is this change of place in the
image distinctly perccived throughout its whole progress; for it is only by means of that
perception that the motion of the coach itself is made sensible to the eye. If any thing can
abate our admiration of the smallness of the visual tablet compared with the extent of
vision, it is a reflection which the view of nature leads us every hour to make, viz. that, in
the hands of the Creator, great and little are nothing.

Sturmius held, that the examination of the eye was a cure for atheism. Besides that
conformity to optical principles which its internal constitution displays, and which alone
amounts to a manifestation of intelligence having been exerted in the structure ; besides this,
which forms, no doubt, the leading character of the organ, there is to be seen in every thing
belonging to it and about it, an extraordinary degree of care, an anxiety for its preservation,
due, if we may so speak, to its value and its tenderness. It is lodged in a strong, deep,
bony, socket, composed by the junction of seven different bones i, hollowed out at their
edges. In some few species, as that of the coatimondi §, the orbit is not bony throughout ;
but whenever this is the case, the upper, which is the deficient part, is supplied by a car-
tilaginous ligament ; a substitution which shews the same care. Within this socket it is
imbedded in fat, of all animal substances the best adapted both to its repose and motion.
It is sheltered by the eye-brows; an arch of hair, which, like a thatched penthouse, pre-
vents the sweat and moisture of the forehead from running down into it ||.

But it is still better protected by its lid. Of the superficial parts of the animal frame, I
know none which, in its office and structure, is more deserving of attention than the eyelid.
It defends the eye ; it wipes it ; it closes it in sleep. Are there, in any work of art what-
ever, purposes more evident than those which this organ fulfils? or an apparatus for exe-

® Tho cye of the seal or sca-calf, I understand, is an
exception.—Mem. Acad. Paris, l70| p 123.

+ The perfe of the xhibited by this
mode of insertion is not fully noticed by our author.

“ There is a manifcst advantage in the optic ncrves
being inserted on the inside of the optic axes : for if
they had pierced the eye in the axis, then the centre of
every ohject would have been invisible; and where all
things conduco to make us scc best, there we should not
sco at all.  'We must likewise have lost some part of an
object, if the optic nerves had been placed on the outside
of the optic axcs : because an objoct may bo so placed,
as that all the rays which come from onc point, may fall
upon the outside of both eyes : but it is impossible they
should fall upon the inside of both eyes, therefore that
point which is lost in one eye is visible by tho other.'’ =
Taylor's Mcchanism of the Eye.

1 Heister, sect. 89.

§ Mcm. R. Ac Paris, p. 117.

I “ The cye,” says Robert Dinglcy, in his ¢ Dlvme
Optics,”” written with all the quaint eloquence of his age,
“ the cye hath the greatest varicty of objects to feed and
delight in ; it ranges through the world, and in a moment
pierces the skics even to the fixed stars. In number
the eyes are two, the better to give direction to the
body ; in figure they arc round, and most capable thereby
of objects and motion ; in situation, they are placed very
high, in the most royal place of the body, far above the
rest of the senses to direct our motion, and espy danger-
ous evils. The eye-lid is a case for this jewel, and the
eye-brow a bulwark to defend it. If the face bo the
pnlwe of beuuty, the eye is her throne ; if the face be as
a ring of gold, the eyes are the diamonds set therein.”™
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cuting those purposes more intelligible, more appropriate, or more mechanical? If it be.
overlooked by the obeerver of nature, it can only be because it is obvious and familiar. This
is a tendency to be guarded against. We pass by the plainest instances, whilst we are
exploring those which are rare and curious; by which conduct of the understanding, we
sometimes neglect the strongest observations, being taken up with others, which, though
more recondite and scientific, are, as solid arguments, entitled to much less consideration.

In order to keep the eye moist and clean (which qualities are necessary to its brightness
and its use), a wash is constantly supplied by a sccretion for the purpose; and the super-
fluous brine is conveyed to the nose through a perforation in the bone as large as a goose-
quill. 'When once the fluid has entered the nose, it spreads itself upon the inside of the
nostril, and is evaporated by the current of warm air, which, in the course of respiration, is
continually passing over it. Can any pipe or outlet, for carrying off the waste liquor from
a die-house or a distillery, be more mechanical than this is? It is easily perceived, that the
eye must want moisture: but could the want of the eye generate the gland which produces
the tear, or bore the hole by which it is discharged,—a hole through a bone ?

It is observable, that this provision is not found in fish,— the element in which they live
supplying a constant lotion to the eye.

It were, however, injustice to dismiss the eye as a piece of mechanism, without noticing
that most exquisite of all contrivances, the nictitating membrane, which is found in the eyes
of birds and of many quadrupeds. Its use is to sweep the eye, which it does in an instant ;
to spread over it the lachrymal humour; to defend it also from sudden injuries; yet not
totally, when drawn upon the pupil, to shut out the light. The commodiousness with
which it lies folded up in the upper corner of the eye, ready for use and action, and the
quickness with which it executes its purpose, are properties known and obvious to every
observer ; but what is equally admirable, though not quite so obvious, is the combination
of two kinds of substance, muscular and elastic, and of two different kinds of action, by
which the motion of this membrane is performed. It is not, as in ordinary cases, by the
action of two antagonist muscles, one pulling forward and the other backward, that a reci-
procal change is effected; but it is thus: The membrane itself is an elastic substance,
capable of being drawn out by force like a piece of elastic gum, and by its own elasticity
returning, when the force is removed, to its former position. Such being its nature, in
order to fit it up for its office, it is connected by a tendon or thread with a muscle in the
back part of the cye: this tendon or thread, though strong, is so fine, as not to obstruct
the sight, even when it passes across it; and the muscle itself, being placed in the dack part
of the eye, derives from its situation the advantage, not only of being secure, but of being
out of the way ; which it would hardly have been in any position that could be assigned to
it in the anterior part of the orb, where its function lies. 'When the muscle behind the
eye contracts, the membrane, by means of the communicating thread, is instantly drawn
over the fore-part of it. When the muscular contraction (which is a positive, and, most
probably, a voluntary effort) ceases to be exerted, the elasticity alone of the membrane
brings it back again to its position ®*. Does not this, if any thing can do it, bespeak an
artist, master of his work, acquainted with his materials? ¢ Of a thousand other things,”
say the French Academicians, “ we perceive nmot the contrivance, because we understand
them only by the effects, of which we know not the causes: but we here treat of a machine,
all the parts whereof are visible; and which need only be looked upon, to discover the
reason of its motion and action }.”

In the configuration of the muscle which, though placed behind the eye, draws the
nictitating membrane over the eye, there is what the authors, just now quoted, deservedly
call a marvellous mechanism. I suppose this structure to be found in other animals; but,
in the memoirs from which this account is taken it is anatomically demonstrated only in the
camowary. The muscle is passed through a loop formed by another muscle ; and is there

inflected, as if it were round a pulley. This is a peculiarity ; and observe the advantage
¢ Phil. Trans. 1796.

+ Memoirs for a Nataral History of Animals, by the Royal Academy of Scienccs as Paris, done into En;hsh,
by onder of the Royal Society, 1701, p. 249,
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of it. A single muscle with a etraight tendon, which is the common muscular form, would
have been sufficient, if it had had power to draw far enough. But the contraction, neces-
sary to draw the membrane over the whole eye, required a longer muscle than could lie
straight at the bottom of the eye. Therefore, in order to have a greater length in a less
compass, the cord of the main muscle makes an angle. This, so far, answers the end ; but
still farther, it makes an angle, not round a fixed pivot, but round a loop formed by another
muscle, which second muscle, whenever it contracts, of course twitches the first muscle at
the point of inflection, and thereby assists the action designed by both *.

One question may possibly have dwelt in the reader’s mind during the perusal of these
observations, namely, Why should not the Deity have given to the animal the faculty of
vision a¢ once? 'Why this circuitous perception; the ministry of so many means; an .
element provided for the purpose ; reflected from opaque substances, refracted through trans-
parent ones; and both according to precise laws; than, a complex organ, an intricate and
artificial apparatus, in order, by the operation of this element, and in conformity with the
restrictions of these laws, to produce an image upon a membrane communicating with the
brain? Wherefore all this? Why make the difficulty in order to surmount it? If to per-
ceive objects by some other mode than that of touch, or objects which lie out of the reach
of that sense, were the thing proposed; could not a simple volition of the Creator have
communicated the capacity f Why resort to contrivance, where power is omnipotent ?
Contrivance, by its very definition and nature, is the refuge of imperfection. To have
recourse to expedients, implies difficulty, impediment, restraint, defect of power. This
question belongs to the other senses, as well as to sight; to the general functions of animal
life, as nutrition, secretion, respiration ; to the economy of vegetables; and indeed to almost
all the operations of nature. The question, therefore, is of very wide extent; and amongst
other answers which may be given to it, besides reasons of which probably we are ignorant,
one answer is this: It is only by the display of contrivance, that the existence, the agency,
the wisdom, of the Deity, could be testified to his rational creatures. This is the scale by
which we ascend to all the knowledge of our Creator which we possess, so far as it depends
upon the phenomena, or the works of nature. Take away this, and you take away from us
every subject of observation, and ground of reasoning; I mean, as our rational faculties are
formed at present. Whatever is done, God could have done without the intervention of
instruments or means: but it is in the construction of instruments, in the choice and adap-
tation of means, that a creative intelligence is seen. It is this which constitutes the order
and beauty of the universe. God, therefore, has been pleased to prescribe limits to his own

® A panallel instance occurs in connection with the Haller cmphatically termed the eye-brows, eye-lids,
L

human eye, and even still more fully demonstrative of
contrivance. One of its muscles, the obliquus superior,
passes through what may be described as a cartilaginous
pulley, fixed to the upper side of the orbit. This pulley
it formed by a cartilaginous plate, with its edges turned
up and fixed to the orbit, so as to form a complete
oblique tube, one fourth of an inch in length; where the
pressure to be resisted is greatest, at the two ends of this
tube, it is bound to the orbit by ligaments. Now this is all
eminently hanical, as a mechanic would use the same
contrivanco if his power was to be applied, as in this
instance, horizontally, to effoct a vertical movement.
Moreover to facilitate the motion, that is, reduce the
friction, he would remove all asperities from the rope he
employed, and greasoe well the pulloy; mow in the ex-
ample before us these requisites are also provided : the
muscle is rounded, and the tube is plentifully supplied
with synovia, the fluid commonly but ignorantly deno-
minated joint-oil.

and lachrymal apparatus, ¢ tutamina oculi.

Oneo of the crustacea, the mud crab, having no eye-lid,
sweeps off any annoying particles from its protuberant
eyes, by rubbing them agsinst a compensatory tuft of
hair that grows in their vicinity; an action as intelligible,
&nm.lirC.Beﬂ,u that of a man wiping his spec-

os.

Those who would examine more fully the admirable
structure of the human eye, will do well to consult
Professor So2mmering’s elegant works, ¢ De oculis
humanis,” illustrated by his ¢ Icones oculi humani;*
and Dr. Young’s ‘ Natural Philosopby.'’ If the research
is wished to be pursued ing the visual organs of
animals, Cuvier's twelfth lecture, and Blumenbach's
“ Comparative Anatomy,” must be referred to. Yet
these are but & small portion of the works that have been
composed concerning these iuterestiug subjects. Dr.
Young in his “ Lectures on Natural Philosophy,’® enu-
merates more than seventy publications on the anatomy,
comparative anatomy, and functions of the eye.
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power, and to work his ends within those limits. The general laws of matter have per-
haps the nature of these limits; its inertia, its reaction ; the laws which govern the com-
munication of motion, the refraction and reflection of light, the constitution of fluids non-
elastic and elastic, the transmission of sound through the latter ; the laws of magnetism, of
electricity ; and probably others, yet undiscovered. These are general laws; and when a
particular purpose is to be effected, it is not by making a new law, nor by the suspension of
the old ones, nor by making them wind, and bend, and yield to the occasion (for nature
with great steadiness adheres to and supports them) ; but it is, as we have seen in the eye,
by the interposition of an apparatus, corresponding with these laws, and suited to the
exigency which results from them, that the purpose is at length attained. .As we have said,
therefore, God prescribes limits to his power, that he may let in the exercise, and thereby
exhibit demonstrations of his wisdom. For then, i. e. such laws and imitations being laid
down, it is as though one Being should have fixed certain rules; and, if we may so speak,
provided certain materials; and, afterward, have committed to another Being, out of these
materials, and in subordination to these rules, the task of drawing forth a creation; a sup-
poeition which evidently lewves room, and induces indeed a necessity for contrivance. Nay,
there may be many such agents, and many ranks of these. We do not advance this as a
doctrine either of philosophy or of religion; but we say that the subject may safely be
represented under this view ; because the Deity, acting himself by general laws, will have
the same consequences upon our reasoning, as if he had prescribed these laws to another.
It has been said, that the problem of creation was, *attraction and matter being given, to
make 8 world out of them;” and, as above explained, this statement perhaps does not
convey a false idea. ‘

We have made choice of the eye as an instance upon which to rest the argument of this
chapter. Some single example was to be proposed: and the eye offered itself under the
sdvantage of admitting of a strict comparison with optical instruments. The ear, it is
probable, is no less artificially and mechanically adapted to its office, than the eye. But
we know less about it: we do not so well understand the action, the use, or the mutual
dependency, of its internal parts. Its general form, however, both external and internal, is
nufficient to shew that it is an instrument adapted to the reception of sound ; that is to say,
slready knowing that sound consists in pulses of the air, we perceive, in the structure of the
ear, a suitableness to receive impressions from this species of actions, and to propagate these
impressions to the brain. For of what does this structure consist? An external ear (the
concha), calculated, like an ear trumpet, to catch and collect the pulses of which we have
spoken ; in large quadrupeds, turning to the sound, and possessing a configuration, as well
as motion, evidently fitted for the office; of a tube which leads into the head, lying at the
root of this outward ear, the folds and sinuses thereof tending and conducting the air towards
it: of a thin membrane, like the pelt of a drum, stretched across this passage upon a bony
rim: of a chain of moveable, and infinitely curious, bones, forming a communication, and
the only communication that can be observed, between the membrane last mentioned and
the interior channels and recesses of the skull : of cavities, similar in shape and form to wind
instruments of music, being spiral or portions of circles: of the eustachian tube, like !;he
hole in a drum, to let the air pass freely into and out of the barrel of the ear, as the covering
membrane vibrates, or as the temperature may be altered : the whole labyrinth hewn out
of a rock; that is, wrought into the substance of the hardest bone of the body. This
sssemblage of connected parts constitutes together an apparatus, plainly enough relative to
the transmission of sound, or of the impulses received from sound, and only to be lamented
in not being better understood.

The communication within, formed by the small bones of the ear, is, to look upon, more
like what we are accustomed to call machinery, than any thing I am acquainted with in
animal bodies. It seems evidently designed to continue towards the semsorium the
tresmulons motions which are excited in the membranc of the tympanum, or what is better
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known by the name of the “drum of the ear.” The compages of bonés consists of four,
which are so disposed, and so hinge upon one aqother, as that if the membrane, the drum
of the ear, vibrate, all the four are put in motion together; and, by the result of their
action, work the base of that which is the last in the series, upon an aperture which it
closes, and upon which it plays, and which aperture opens into the tortuous canals that lead
to the brain. This last bone of the four is called the stapes. The office of the drum of the
ear is to spread out an extended surface, capable of receiving the impressions of sound, and
of being put by them into a state of vibration. The office of the stapes is to repeat these
vibrations. It is a repeating frigate, stationed more within the line. From which account
of its action may be understood, how the sensation of sound will be excited, by any thing
which communicates a vibratory motion to the stapes, though not, as in all ordinary cases,
through the intervention of the membrana tympani. This is done by solid bodies applied
to the bones of the skull, as by a metal bar holden at one end between the teeth, and touch-
ing at the other end a tremulous body. It likewise appears to be done, in a considerable
degree, by the air itself, even when this membrane, the drum of the ear, is greatly damaged.
Either in the natural or preternatural state of the organ, the use of the chain of bones is to
propagate the impulse in a dircction towards the brain, and to propagate it with the
advantage of a lever; which advantage consists in increasing the force and strength of the
vibration, and at the same time diminishing the space through which it oscillates ; both of
which changes may augment or facilitate the still deeper action of the auditory nerves.

The benefit of the eustachian tube to the organ, may be made out upon known pneumatie
principles. Behind the drum of the ear is a second cavity, or barrel, called the tympanum.
The eustachian tube is a slender pipe, but sufficient for the passage of air, leading from this
cavity into the back part of the mouth. Now, it would not have done to have had a
vacuum in this cavity ; for, in that case, the pressure of the atmosphere from without would
have burst the membrane which covered it. Nor would it have done to have filled the
cavity with lymph or any other secretion; which would necessarily have obstructed, both
the vibration of the membrane, and the play of the small bones. Nor, lastly, would it have
done to have occupied the space with confined air, because the expansion of that air by heat,
or its contraction by cold, would have distended or relaxed the covering membrane, in a
degree inconsistent with the purpose which it was assigned to execute. The only remaining
expedient, and that for which the eustachian tube serves, is to open to this cavity a com-
munication with the external air. In one word ; it exactly answers the purpose of the
hole in a drum.

The membrana tympani itself, likewise, deserves all the examination which can be made
of it. It is not found in the ears of fish ; which furnishes an additional proof of what indeed
is indicated by every thing about it, that it is appropriated to the action of air, or of an
elastic medium. It bears an obvious resemblance to the pelt or head of a drum, from which
it takes its name. It resembles also a drum head in this principal property, that its use
depends upon its tension. Tension is the state essential to it. Now we know, that in a
drum, the pelt is carried over a hoop, and braced as occasion requires, by the means of
‘strings attached to its circumference. In the membrane of the ear, the same purpose is
provided for, more simply, but not less mechanieally, nor less successfully, by a different
expedient, viz. by the end of a bone (the handle of the malleus) pressing upon its centre.
It is only in very large animals that the texture of this membrane can be discerned. In the
Philosophical Transactions for the year 1800 (vol. i.), Mr. Everard Home has given some
curious observations upon the ear, and the drum of the ear, of an elgphant. He discovered
in it, what he calls a radiated muscle, that is, straight muscular fibres, passing along the
membrane from the circumference to the centre; from the bony rim which surrounds it
towards the handle of the malleus to which the central part is attached. This muscle he
supposes to be designed to bring the membrane into unison with different sounds; but then
he also discovered, that this muscle itself cannot act, unless the membrane be drawn to a
stretch, and kept in a due state of tightness, by what may be called a foreign force, viz. the
action of the muscles of the malleus. Supposing his explanation of the use of the parts ¢,
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be just, our author is well founded in the reflection which he makes upon it: ‘“that this
mode of adaptmg the ear to different sounds, is one of the most beautiful applications of
muscles in the body ; the meckanism is so simple, and the variety of effects 20 great.”

In another volume of the Transactions above referred to, and of the same year, two most
curious cases are related, of persons who retained the sense of hearing, not in a perfect, but
in a very considerable degree, notwithstanding the almost total loss of the membrane we
have been describing In one of these cases, the use here assigned to that membrane, of
modifying the impressions of sound by change of tension, was attemp’oed to be supplied by
straining the muscles of the outward ear. “The external ear,” we are told, *had acquired
a distinct motion upward and backward, which was observable whenever the patient
listened to any thing which he did not distinctly hear ; when he was addressed in a whisper,
the ear was seen immediately to move; when the tone of voice was louder, it then remained
altogether motionless.”

It appears probable, from both these cases, that a collateral, if not principal, use of the
membrane, is to cover and protect the barrel of the ear which lies behind it. Both the
patients suffered from cold: one, “a great increase of deafness from catching cold;” the
other, ¢ very considerable pain from exposure to a stream of cold air.” Bad effects therefore
followed from this cavity being left open to the external air; yet, had the Author of nature
shut it up by any other cover than what was capable, by its texture, of receiving vibrations
from sound, and, by its connexion with the interior parts, of transmitting those vibrations
to the brain, the use of the organ, so far as can we judge, must have been entirely

obstructed *.

¢ Since the period at which Paley eompoced this work,
many philosophical ists have
relative to the structure of the ear. The chlef of these
are Weber, Malatides, Maj Monro, Lall d
Deleau, Ahnd, Itard, Surpa, and Stuuy. Its delicate
wnatomy, lu mlnale quently much
more rated chnn it was at the close of
the aghmth mmry To euter into their details here,
vnlkl he muplued, and the gencul result is merely
y and intricacy of workwanship
Proportionately evineo the okill and the design required
i the artificer.

It may be observed of the conch, or exterior part of
the car, that it is adapted excellenlly for the office it per-
forns_the collection of vibrations, or sound. All the
ut of the tyrant Dionysius, all the ingenuity stimulated
inte action by his gold, could not devise a botter form to
ader audible the conversation of his state prisoncrs. Ho
made their dungeon in the form of the human ear, two

pleasure, so a3 to form a reflector. In some birds this is
vory rcmarkable. When passing rapidly through the
air, the feathers lie close to the sides of the head.

Hares and other animals, whose safety depends upon
flight, and whose perception of sound is most required to
be directed behind them, have large ears natumlly
inclined backwards. Beasu of prey, and dogs, animals
that are g Iy p ldom flying from a pursuer,
have the conch of the w directed forward ; and those
animals whose heads, as the ox when feeding, and the
hound when in the chase, are held low, have pendulous
ears, with tho conch g0 turned as to be best adapted for
gathering the sound that vibrates nearest the earth,

All animals that have to live partially or entircly
under water, have their organs of hearing pecullarly
adapted to their habits. The ear of the water shrew is
closcd against the entrance of water by a very curious
valve.

The ear of the whale very closely resembles that of the

bendred and fifty feet in length, and cighty feet in height.
The sounds within this were directed to a tympanum
tommunicating with an adjoining room, where the regal
Rooster crouched, and was enabled to distinguish even
the whispers of those within his toils.

When s hanician has invented an engine, & source
of power, his ingenuity has not done all that is required
of him ; be has to adapt it to the purposes for which it
# needed. The steam-engine, for instance, is made
mmaller, or increased in size ionate to the power
secesmry; it has to be made, when employed for pro-
pelling carriages on a nilway, of a form dxﬂ’ermg
materially from that erected for the drainage of mines.
Now this is all & proof of the mechanician’s skill; it is a
demonstration of a continuous design. The ear is a
aunylc&emofmuhnlmm, it is varied in all animal

peci It, like them, passes the chief part of its
llfo in the air; but when safety or hunger requires it to
be submerged, the meatus, or opening of the car, closcs,
and within the meatus is a small hard body more than an
inch in length, attached by its small end to one side of
the passage; this serves as a valve when the passage
contraets.

Fish having no exterior ear, it was considered, until
within comparatively a few years, that they were deficient
in that sense to which it seemed necessary. Subsequent
researches have shown the error of this conclusion. The
neeenity of the conch arises from terrestrial animals
living in the air, which is a very imperfect conductor of
sounds; an apparatus is required to collect a greater
amount of vit to for the deficiency of
their i ity. To show that animals who live in the

water, a denser and therefore better medium for convey-
ing ds, require no such exterior parts, let the reader,

inall is to their habits and wants; varies just
s is required.  Is it rational to say that the i is
mot the ssme ?

Birds, it is casy to perceive, would be impeded by an

when diving, have ‘a stone in each band, and strike them
together whilst beneath tho water ; he will be comparatively

external ear; but its place is supplied by the feathers
sousd the suditory orifice, which they can crect at

t d by the i
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CHAPTER 1V.

ON THE SUCCESSION OF PLANTS AND ANIMALS.

THE generation of the animal no more accounts for the contrivance of the eye or ear, than,
upon the supposition stated in a preceding chapter, the production of a watch, by the
motion and mechanism of a former watch, would account for the skill and intention
evidenced in the watch, so produced ; than it would account for the disposition of the wheels,
the catching of their teeth, the relation of the several parts of the works to one another, and
to their common end ; for the suitableness of their forms and places to their offices, for their
connexion, their operation, and the useful result of that operation. I do insist most
strenuously upon the correctness of this comparison; that it holds as to every mode of
specific propagation ; and that whatever was true of the watch, under the hypothesis above
mentioned, is true of plants and animals.

L To begin with the fructification of plants. Can it be doubted but that the seed
contains a particular organisation ? 'Whether a latent plantule with the means of temporary
nutrition, or whatever else it be, it encloses an organisation suited to the germination of a
new plant. Has the plant which produced the seed any thing more to do with that
organisation, than the watch would have had to do with the structure of the watch which
was produced in their course of its mechanical movement? I mean, Has it any thing at all
to do with the contrivance? The maker and contriver of one watch, when he inserted
within it a mechanism suited to the production of another watch, was, in truth, the maker
and contriver of that other watch. All the properties of the new watch were to be referred
to his agency : the design manifested in it, to his intention: the art, to him as the artist:
the collocation of each part, to his placing: the action, effect, and use, to his counsel,
intelligence, and workmanship. In producing it by the intervention of a former watch, he
was only working by one set of tools instead of another. So it is with the plant, and the
seed produced by it. Can any distinction be assigned between the two cases; between the
producing watch, and the producing plant ; both passive, unconscious substances; both, by
the organisation which was given to them, producing their like, without understanding or
design ; both, that is, instruments ?

II. From plants we may proceed to oviparous animals: from seed to eggs. Now I say,
that the bird has the same concern in the formation of the egg which she lays, as the plant
has in that of the seed which it drops: and no other, nor greater. The internal constitution
of the egg is as much a secret to the hen, as if the hen were inanimate. Her will cannot
alter it, or change a single feather of the chick. She can neither foresee nor determine of
which sex her brood shall be, or how many of either: yet the thing produced shall be, from
the first, very different in its make, according to the sex which it bears. So far, therefore,
from adapting the means, she is not beforehand apprised of the effect. If there be concealed
within that smooth shell a provision and a preparation for the production and nourishment
of a new animal, they are not of her providing or preparing: if there be contrivance, it is
none of hers. Although, therefore, there be the difference of life and perceptivity between
the animal and the plant, it is a difference which enters not into theaecount. It is a foreign
circumstance. It is a difference of properties not employed. The animal function and the
vegetable function are alike destitute of any design which can operate upon the form of the
thing produced. The plant has no design in producing the seed, no comprehension of the
nature or use of what it produces: the bird with respect to its egg, is not above the plant
with respect to its seed. Neither the one nor the other bears that sort of relation to what
proceeds from them, which a joiner does to the chair which he makes. Now a cause, which
bears this relation to the effect, is what we want, in order to account for the suitableness of
means to an end, the fitness and fitting of one thing to another ; and this cause the parent
plant or animal does not supply.
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It is farther observable concerning the p: ion of plants and animals, that the appa-
ntus employed exhibits no resemblance to the thing produced : in this respect holding an
analogy with instruments and tools of art. The filamente, anthere, and stigmata, of flowers,
bear no more resemblance to the yon? plant, or even to the seed, which is formed by their
intervention, than & chisel or & plane does to a table or chair. What then are the filaments,
antherss, and stigmats, of plants, but instruments strictly so called 2*

III. We may advance from animals which bring forth eggs, to animals which bring forth
their young alive: and of this latter class, from the lowest to the highest ; from irrational
to rational life, from brutes to the human species: without perceiving, as we proceed, any
lteration whatever in the torms of the comparison, The rational animal does not produce
its offspring with more certainty or success than the irrational animal: a man than a qua-
druped, a quadruped than & bird ; nor (for we may follow the gradation through its whole
scale) a bird than a plant ; nor a plant than a watch, a piece of dead mechanism would do,
upon the supposition which has already so ofien been repeated. Rationality, therefore, has

ing to do in the business. If an account must be given of the contrivance which we
observe ; if it be demanded, whence arose either the contrivance by which the young animal
is produced, or the contrivance manifested in the young animal iteelf, it is not from the
reason of the parent that any such account can be drawn. He is the cause of his offspring,
in the same sense as that in which a gardener is the cause of the tulip which grows upon his
parterre, and in no other. 'We admire the flower ; we examine the plant ; we perceive the
conduciveness of many of its parts to their end and office : we observe a provision for its
nourishment, growth, protection, and fecundity ; but we never think of the gardener in all
this. 'Wae attribute nothing of this to his agency ; yet it may still be true, that without
the r, we should not have had the tulip : just so it is with the succession of animals
even of the highest order. For the contrivance discovered in the structure of the thing
produced, we want a contriver. The parent is not that contriver. His consciousness
decides that question. He is in total ignorance why that which is produced took its present
form rather than any other. It is for him only {o be astonished, by the effect. We can ne
more look therefore to the intelligence of the parent animal for what we are in search of, a
cause of relation, and of subserviency of parts to their use, which relation and subserviency
we see in the procreated body, than we can refer the internal conformation of an acomn to the
intelli of the oak from which it dropped, or the structure of the watch to the intelli-
geace of the watch which produced it ; there being no difference, as far as argument is
oncerned, between an intelligence which is not exerted, and an intelligence which does
not exist.

CHAPTER V.
APPLICATION OF THE ARGUMENT CONTINUED.

EvERY observation which was made in our first chapter, concerning the watch, may be
repeated with strict propriety, concerning the eye ; concerning animals; concerning plants ;
concerning, indeed, all the organised parts of the works of nature. As,

© One remarkable fact in the eggshells of birds to which
Paley dess not allude, is.the existence in them of chalk
sad phosphata of lime, s presence, it would scem, to which
the hen contributes by her instinctive habits. One hun-

dved parts of hena’ oggehells contain
Carbonate of lime (chalk) . 89 6
Phasphate of lime . 5 7
Animal matter . 4 7
100 0
Te ly to har eggs the necessary earthy substances,
lh:ﬂrqul-ly swallows a quantity of calcareous

matter, which she selocts from old mortar, coal ashes, or
other rubbish, with unvaried industry.

How essential this practice is to the formation of the
shell, is shewn by the well ascertained fact, that whem
the hen is debarred access to calcareous matters, she lays
her oggs without shells.

The hen then swallows, not by chance, but instinc-
tively, two kinds of earth, flint-pobbles for the use of ber

and chalk, for her eggshells. Both to us unin-
viting, tasteless substancos, yot both essential to her
health ; and this is not the action of a single hen, but of
all, Is not this an adaptation of the instinct of the bird
to its wants?—Vauquelin, Ann. de Chim. vol. xxxiv. p. 71.
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I. When we are inquiring simply after the ezistence of an intelligent Cmtor, imperfection,
inaccuracy, liability to disorder, occasional meguhntles may subsist in a considerable
degree, without inducing any doubt into the questlon just as a watch may frequently go
wrong, seldom perhaps exactly nght, may be faulty in some parts, defective in some, with-
out the smallest ground of suspicion from thence arising that it was not a watch ; not made;
or not made for the purpose ascribed to it. When faults are pointed out, and when a ques-
tion is started concerning the skill of the artist, or dexterity with which the work is executed,
then indeed, in order to defend these qualities from accusation, weJmust be able, either to
expose some intractableness and imperfection in the materials, or point out some invincible
difficulty in the execution, into which imperfection and difficulty the matter of complaint
may be resolved ; or, if we cannot do this, we must adduce such specimens of consummate
art and contrivance proceeding from the same hand, as may convince the inquirer, of the
existence, in the case before him, of impediments like those which we have mentioned,
although, what from the nature of the case is very likely to happen, they be unknown and
unperceived by him. This we must do in order to vindicate the artist’s skill, or, at least,
the perfection of it ; as we must also Judge of his mtentlon, and of the provisions employed
in fulfilling that mtentmn, not from an instance in which they fail, but from the great
plurality of instances in which they succeed. But, after all, these are different questions
from the question of the artist’s existence : or, which is the same, whether the thing before
us be a work of art or not; and the questions ought always to be kept separate in the mind.
80 likewise it is in the works of nature. Irregularities and imperfections are of little or no
weight in the consideration, when that consideration relates simply to the existence of a
Creator. When the argument respects his attributes, they are of weight ; but are then to
be taken in conjunction (the attention is not to rest upon them, but they are to be taken in
conjunction) with the unexceptionable evidences which we possess, of skill, power, and bene-
volence, displayed in other instances; which evidences may, in strength, number, and
variety, be such, and may so overpower apparent blemishes, as to induce us, upon the most
reasonable ground, to believe, that these last ought to be referred to some cause, though we
be ignorant of it, other than defect of knowledge or of benevolence in the author.

I1. There may be also parts of plants and ammnls, as there were snpposed to be of the
watch, of which, in some instances, the operation, in others, the use, is unknown. These
form dlﬁerent cases ; for the operation may be unknown, yet the use be certain. Thus it is
with the lungs of animals. It does not, I think, appear that we are acquainted with the
action of the air upon the blood, or in what manner that action is communicated by the
lungs : yet we find that a very short suspension of their office destroys the life of the animal.
In this case, therefore, we may be said to know the use, nay we experience the necessity of
the organ, though we be ignorant of its operation. Nearly the same thing may be observed
of what is called the lymphatic system. We suffer grievous inconveniences from its disorder,
without being informed of the office which it sustains in the economy of our bodies. There
may possibly also be some few examples of the second class, in which not only the operation
is unknown, but in which experimenta may seem to prove that the part is not neceseary ; or
may leave a doubt, how far it is even useful to the plant or animal in which it is found.
This is said to be the case with the spleen ; which has been extracted from dogs, without
any sensible injury to their vital functions. Instances of the former kmd, namely, in which
we cannot explain the operation, may be numerous; for they will be so in proportion to our
ignorance. They will be more or fewer to different persons, and in different stages of science.
Every improvement of knowledge diminishes their number. There is hardly perhaps a year
passes, that does not, in the works of nature, bring some operation, or some mode of opera-
tion, to light, which was before undiscovered—probably unsuspected. Instances of the
second kind, namely, where the part appears to be totally useless, I believe to be extremely
rare; compared with the number of those, of which the use is evident, they are beneath any
assignable proportion ; and, perhaps, have never been submitted to a trial and examination
sufficiently accurate, long enough continued, or often enough repeated. No accounts which
I have seen are satisfactory. The mutilated animal may live and grow fat, (as was the case
of the dog deprived of its spleen), yet may be defective in some other of its functions;
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which, whether they can all, or in what degree of vigour and perfection, be performed, or
how long preserved, without the extirpated organ, does not seem to be ascertained by expe-
riment. But to this case, even were it fully made out, may be applied the consideration
which we suggested concerning the watch, viz. that these superfluous parts do not negative
the reasoning which we instituted concerning those parts which are useful, and of which we
know the use ; the indication of contrivance, with respect to them, remains as it was before.

II1. One atheistic way of replying to our observations upon the works of nature, and to
the proofs of a Deity, which we think that we perceive in them, is to tell us, that all which
we see must necessarily have had some form, and that it might as well be its present form
as any other. Let us now apply this answer to the eye, as we did before to the watch.
Something or other must have occupied that place in the animal’s head ; must have filled up,
we will say, that socket : we will say also, that it must have been of that sort of substance
which we call animal substance, as flesh, bone, membrane, cartilage, &c. But that it
should have been an eys, knowing as we do what an eye comprehends,—viz. that it should
have consisted, first, of a series of transparent lenses (very different by-the-by, even in their
substance, from the opaque materials of which the rest of the body is, in general at least,
compoeed ; and with which the whole of its surface, this single portion of it excepted, is
covered) : secondly, of a black cloth or canvas (the only membrane of the body which is
black) spread out behind these lenses, 5o as to reccive the image formed by pencils of light
transmitted through them ; and placed at the precise geometrical distance, at which, and at
which alone, a distinct image could be formed, namely, at the concourse of the refracted rays:
thirdly, of a large nerve communicating between this membrane and the brain; without
which, the action of light upon the membranc, however modified by the organ, would be
lost to the purposes of sensation:—that this fortunate conformation of parts should have
been the lot, not of one individual out of many thousand individuals, like the great prize in
a lottery, or like some singularity in nature, but the happy chance of a whole species : nor
of one species out of many thousand species, with which we are acquainted, but of by far
the greatest number of all that exist ; and that under varieties, not casual or capricious, but
bearing marks of being suited to their respective exigencies :—that all this should have taken
place, merely because something must have occupied these points in every animal’s forehead ;
—or, that all this should be thought to be accounted for, by the short answer, “ that what-
ever was there must have had some form or other,” is too absurd to be made more so by any
sigmentation. We are not contented with this answer; we find no satisfaction in it, by
way of accounting for appearances of organization far short of those of the eye, such as we
tbeerve in fossil shells, petrified bones, or other substances which bear the vestiges of animal
o vegetable recrements, but which, either in respect of utility, or of the situation in which
they are discovered, may seem accidental enough. It is no way of accounting even for these
things, to say, that the stone, for instance, which is shewn to us (supposing the question to

a petrification), must have contained some internal conformation or other.
Nor does it mend the answer to add, with respect to the singularity of the conformation,
that after the event, it is no longer to be computed what the chances were aga.mst it. This
is always to be computed when the question is, whether a useful or imitative conformation
be the produce of chance, or not: I desire no greater certainty in reasoning, than that by
which chance is excluded from the present disposition of the natural world. Universal
experience is against it. What does chance ever do for us? In the human body, for
instance, chance, 4. e. the operation of causes without design, may produce a wen, a wart,
a2 mole, a pimple, but never an eye. Amongst inanimate substances, a clod, a pebble, a
liquid drop, might be ; but never was a watch, a telescope, an organised body of any kind,
answering a valuable purpose by a complicated mechanism, the effect of chance. In no
assignable instance hath such a thing existed without intention somewhere.

IV. There is another answer which has the same effect as the resolving of things into
chance ; which answer would persuade us to believe, that the eye, the animal to which it
belongu, every other animal, every plant, indeed every organised body which we see, are
only 80 many out of the possible varieties and combinations of being, which the lapse of
infinite ages has brought inte existence ; that the present world is the relic of that variety ;
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millions of other bodily forms and other species having perished, being by the defect of their
constitution incapable of preservation, or of continuance by generation. Now there is no
foundation whatever for this conjecturc in any thing which we obeerve in the works of
nature ; no such experiments are going on at present ; no such energy operates, as that which
is here supposed, and which should be constantly pushing into existence new varieties of
beings. Nor are there any appearances to support an opinion, that every poesible combina-
tion of vegetable or animal structure has formerly been tried. Multitudes of conformations,
both of vegetables and animals, may be conceived capable of existence and succession, which
yet do not exist. Perhaps almost as many forms of plants might have been found in the
fields, as figures of plants can be delineated upon paper. A countless variety of animals might
have existed, which do not exist. Upon the supposition here stated, we should see unicorns
and mermaids, sylphs and centaurs, the fancics of painters, and the fables of poets, realised by
examples. Or, if it be alleged that these may transgress the bounds of poesible life and
propagation, we might, at least, have nations of human beings without nails upon their
fingers, with more or fewer fingers and toes than ten, some with one eye, others with one
ear, with one nostril, or without the sense of smelling at all. All these, and a thousand
other imaginable varieties, might live and propagate. We may modify any one species many
different ways, all consistent with life, and with the actions necessary to preservation,
although affording different degrees of conveniency and enjoyment to the animal. And if
we carry these modifications through the different species which are known to subeist, their
number would be incalculable. No reason can be given why, if these deperdits ever existed,
they have now disappeared. Yet, if all poesible existences have been tried, they must have
formed part of the catalogue.

But, moreover, the division of organised substances into animals and vegetables, and the
distribution and sub-distribution of each into genera and species, which distribution is not an
arbitrary act of the mind, but founded in the order which prevails in external nature, appear
to me to contradict the suppoeition of the present world being the remains of an indefinite
variety of existences; of a variety which rejects all plan. The hypothesis teaches, that
every possible variety of being hath, at one time or other, found its way into existence (by
what cause or in what manner is not said), and that those which were badly formed,
perished ; but how or why those which survived should be cast, as we see that plants and
animals are cast, into regular classes, the hypothesis does not explain; or rather the
hypothesis is inconsistent with this phenomenon.

The hypothesis, indeed, is hardly deserving of the consideration which we have given to
it. What should we think of a man who, because we had never ourselves seen watches,
telescopes, stocking-mills, steam-engines, &c. made, knew not how they were made, nor
could prove by testimony when they were made, or by whom,—would have us believe that
these machines, instead of deriving their curious structures from the thought and design of
their inventors and contrivers, in truth derive them from no other origin than this ; viz. that
a mass of metals and other materials having run when melted into all possible figures, and
combined themselves in all possible forms, and shapes, and proportions, these things which
we see, are what were left from the accident, as best were worth preserving ; and, as such,
are become the remaining stock of a magazine, which, at one time or other, has by this
means contained every mechanism, useful and useless, convenient and inconvenient, into
which such-like materials could be thrown? I cannot distinguish the hypothesis as applied
to the works of nature, from this solution, which no one would accept, as applied to a
collection of machines *.

® That in a former state of the earth, ages before it was
tenanted by man, many animals and vegotables existed,
supposed to be long since extinct, is very certain. The
bones and other remains of extinct species, are continually
discovered in all parts of the world ; their skeletons have
been carcfully arranged by geological labourers, and their
size, habits, food, and many otber particulars readily
ascertained.

“In these curious inquiries,” says Lord Brougham,

“ we are conversant, not merely with the world before the
flood. but with a world which before the lood was covered
with water, and which in far earlier ages had been the
habitation of birds, and beasts, and reptiles. We are
carried, as it were, several worlds back, and we reach a
period when all was water and slime and mud, and the
waste, without either man or plants, gave resting-place to
enormous beasts like lions and elephants, and river horses,
while the water was tenanted by lizwrds, the size of a
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V. To the marks of contrivance discoverable in animal bodies, and to the argument
deduced from them, in proof of design, and of a designing Creator, this turn is sometimes
sttempted to be given, namely, that the parts were not intended for the use, but that the use
arose out of the parts. This distinction is intelligible. A cabinet-maker rubs his mahogany
with fish-skin; yet it would be too much to assert that the skin of the dog-fish was made
rough and granulated on purpose for the polishing of wood, and the use of cabinet-makers.
Therefore the distinction is intelligible. But I think that there is very little place for it in
the works of nature. When roundly and generally affirmed of them, as it hath sometimes
been, it amounts to such another stretch of assertion, as it would be to say, that all the
implements of the cabinet-makers work-shop, as well as his fish-skin, were substances
accidentally configurated, which he had picked up, and converted to his use ; that his adzes,
saws, planes, and gimlets, were not made, as we suppose, to hew, cut, smooth, shape out, or
bore wood with; but that these things being made, no matter with what design, or whether
with any, the cabinet-maker perceived that they were applicable to his purpose, and turned
them to account.

Baut, again. 8o far as this solution is attempted to be applied to those parts of animals,
the action of which does not depend upon the will of the animal, it is fraught with still more
evident absurdity. Is it possible to believe that the eye was formed without any regard to
vision ; that it was the animal itself which found out, that, though formed with no such
intention, it would serve to see with; and that the use of the eye, as an organ of sight,
resulted from this discovery, and the animal’s application of it? The same question may be
asked of the ear ; the same of all the senses. None of the senses fundamentally depend upon
the election of the animal ; consequently neither upon his sagacity, nor his experience. It
is the impression which objects make upon them, that constitutes their use. Under that
impression, he is passive. He may bring objects to the sense, or within its reach ; he may
select these objects; but over the impression itself he has no power, or very little; and that
properly is the sense.

Secondly ; there are many parts of animal bodies which seem to depend upon the will of

the animal in a greater degree than the senses do, and yet with respect to which, this solution
is equally unsatisfactory. If we apply the solution to the human body, for instance, it forms

wile, sisty or seventy foet long, &c.'’—Preliminary
Discourse, p. 47.

It is probable that wmany animals, fishes, &c. do yet
«it on our globe which we have not seen. Saying
mithing of the unexplored portions of the carth’s surface,
or investigntions have been, as it wero, almost entirely
cefned to that surface. The, to us, unfathomable depths
o the ocean are probably inhabited by fish, adapted to

vithstand the enormous pressurc of water to which they

e necessarily exposed, and the interior of our globe

wolably contains great inland lakes tenanted by fish and

other living animals. We are not indeed without in-
stmces of occasional glimpees of theso hidden creatures.

A1 za instance, Davy, in bis * Last Duys of a Philoso-
Peer,”’ has given us the description of a curious fish, the
Proteus Anguinus, found only in tho waters of the
mtural cave, or grotto of the Maddalena at Adelsberg,
ad ove at Sittich in Illyris, and that only after par-
ticular sessons of rain.

“ At first view yon might suppose this animal to be
alzard, but it has tho motions of a fish. Its head, and
the Jower part of its body and its tail, bear a strong re-
semblance to these of the eel, but it has no fins, and its
eariens bronchial organs are not like the gills of fishes. . . .
It is furnished with lungs; it can live either above or
below the surface of the water. Its fore feet resemble
loads, but they have only three claws or fingers, and
sre too fesble to be of use in grasping, or supporting the
wiight of the animal. In dry seasons thoy are seldom
found heve, but afier great rains ¢
1 think it cannot be doubted that t|

are often abundant.
natural retidence

is in an extensive deep subterranean lake, from which, in
great floods, they are.sometimes forced through the
crevices of the rocks, into this place whero they are found.
They have been noticed of various sizes, from that of the
thickness of a quill to that of the thumb; their form of
organs is always tho same. It is surely a perfect animal
of a peculiar species. Aund it adds ono instance more to
the number already known of the wonderful manner in
which life is produced and perpetuated in every part of
our globo, cven in places which seem the least suited to
orgauized existences. And the same infinite power and
wisdom which has fitted the camel and the ostrich for the
deserts of Africa. .. has given the proteus to the dcep and
dark subterraneous lakes of Illyria; an animal to whom
the presence of light is not cssential, aud who can live
indifferently in air and in water, on the surface of the
rock, or in the depths of the mad.”

Whatever may be the number of extinet or hid-
den animals, the existence of these in no way alters
tho conclusion to be derived from the fact that the

ins of those supposed to be extinct still bear the same
marks of contrivance in their formation, as others which
are now universlly inhabiting the carth. Thus, by tke
teoth and cloven hoofs of several animals known to us
only in the foesil state, we arc enabled to detcrmine that
their owners lived upon vegetables, had a mouth adapted
for grazing, and were fitted to inhabit marshy places,
where the gmas grew most luxuriantly, and of a size best
adapted to tho necessities of an cnormous snimal.—-
Buckland, Cuvier, Davy.




48 NATURAL THEOLOGY.

iteelf into questions, upon which no reasonable mind can doubt; such as, whether the teeth
were made expressly for the mastification of food, the feet for walking, the hands for holding ?
or whether, these things being as they are, being in fact in the animal's possession, his own
ingenuity taught him that they were convertible to these purposes, though no such purposes
were contemplated in their formation ?

All that there is of the appearance of reason in this way of considering the subject is, that
in some cases the organisation seems to determine the habits of the animal, and its choice to
a particular mode of life ; which, in a certain sense, may be called * the use arising out of the
part.” Now to all the instances, in which there is any place for this suggestion, it may be
replied, that the organisation determines the animal to habits beneficial and salutary to itself ;
and that this effect would not be seen so regularly to follow, if the several organisations did
not bear a concerted and contrived relation to the substance by which the animal was
surrounded. They would, otherwise, be capacities without objects ; powers without employ-
ment. The web-foot determines, you say, the duck to swim ; bat what would that avail, if
there were no water toswim in ? The strong, hooked bill, and sharp talons, of one species of
bird, determine it to prey upon animals ; the soft, straight bill, and weak claws of anothér
species, determine it to pick up seeds: but neither determination could take effect in pro-
viding for the sustenance of the birds, if animal bodies and vegetable seeds did not lie within
their reach. The peculiar conformation of the bill and tongue and claws of the woodpecker,
determines that bird to search for his food amongst the insects lodged behind the bark, or in
the wood, of decayed trces; but what should this profit him, if there were no trees, no
decayed trees, no insects lodged under their bark, or in their trunk? The proboecis with
which the bee is furnished, determines him to seek for honey : but what would that signify,
if flowers supplied none? Faculties thrown down upon animals at random, and without
reference to the objects amidst which they are placed, would not produce to them the services
and benefits which we see: and if there be that reference, then there is intention.

Lastly ; the solution fails entirely when applied to plants. The parts of plants answer
their uses, without any concurrence from the will or choice of the plant.

VI. Others have chosen to refer every thing to a principle of order in nature. A principle.
of order is the word : but what is meant by a principle of order, as different from an intelli-
gent Creator, has not been explained either by definition or example ; and, without such
explanation, it should seem to be a mere substitution of words for reasons, names for
causes. Order itself is only the adaptation of means to an end : a principle of order there-
fore can only signify the mind and intention which so adapts them. Or, were it capable of
being cxplained in any other sense, is there any experience, any analogy, to sustain it?
Was a watch ever produced by a principle of order? and why might not a watch be so
produced, as well as an eye?

Furthermore, a principle of order, acting blindly and without choice, is negatived by the
observation, that order is not umiversal ; which it would be, if it issued from a con-
stant and necessary principle: nor indiscriminate, which it would be, if it issued from an
unintelligent principle. Where order is wanted, there we find it: where order is not
wanted, i. e. where, if it prevailed, it would be useless, there we do not find it. In
the structure of the eye (for we adhere to our example), in the figure and position of its
several parts, the most exact order is maintained. In the forms of rocks and moun-
taing, in the lines which bound the coasts of continents and islands, in the shape of bays
and promontories, no order whatever is perceived, because it would have been superfluous.
No useful purpose would have arisen from moulding rocks and mountains into regular
solids, bounding the channel of the ocean by geometrical curves ; or from the map of the
world resembling a table of diagrams in Euclid's Elements, or Simpeon’s Conic Sections.

VII. Lastly: the confidence which we place in our observations upon the works of
nature, in the marks which we discover of contrivance, choice, and design; and in our
reasoning upon the proofs afforded us ; ought not to be shaken, as it is sometimes attempted
to be done, by bringing forward to our view our own ignorance, or rather the general imper-
fection of our knowledge of nature. Nor in many cases, ought this consideration to affect
us, even when it respects some parts of the subject immediately under our notice. True



NATURAL THEOLOGY. 49

fortitude of understanding consists in not suffering what we know to be disturbed by what
we do not know. If we perceive a useful end, and means adapted to that end, we perceive
<nough for our conclusion. If these things be clear, no matter what is obscure. The argu-
anent is finished. For instance ; if the utility of vision to the animal which enjoys it, and
the adaptation of the eye to this office, be evident and certain (and I can mention nothing
which is more s0), ought it to prejudice the inference which we draw from these premises,
that we cannot explain the use of the spleen? Nay, more: if there be parts of the eye,
wiz. the cornea, the crystalline, the retina, in their substance, figure, and position manifestly
suited to the formation of an image by the refraction of rays of light, at least, as manifestly
ms the glasses and tubes of a dioptric telescope are suited to that purpose; it concerns not
the proof which these afford of design, and of a designer, that there may perhaps be other
parts, certain muscles for instance, or nerves in the same eye, of the agency or cffect of
which we can give no account ; any more than we should be inclined to doubt, or ought to
doubt, about the construction of a telescope, viz. for what purpose it was constructed, or
whether it were constructed at all, because there belonged to it certain screws and pins, the
use or action of which we did not comprehend. I take it to be a gencral way of infusing
doubts and scruples into the mind, to recur to its own ignorance, its own imbecility : to tell
us that upon these subjects we know little ; that little imperfectly ; or rather, that we
know nothing properly about the matter. These suggestions so fall in with our conscious-
ness, as sometimes to produce a general distrust of our faculties and our conclusions. But
this is an unfounded jealousy. The uncertainty of one thing does not necessarily affect the
certainty of another thing. Our ignorance of many points need not suspend our assurance
of a few. Before we yicld, in any particular instance, to the scepticism which this sort of
insinuation would induce, we ought accurately to ascertain, whether our ignorance or doubt
oncern those precise points upon which our conclusion rests. Other points arc nothing.
Our ignorance of other points may be of no consequence to these, though they be points, in
various respects, of great importance. A just reasoner removes from his consideration, not
otly what he knows, but what he does not know, touching matters not strictly connected
with his argument, ¢. e. not forming the very steps of his deduction: beyond these, his
knowledge and his ignorance are alike relative.

CHAPTER VI

THE ARGUMENT CUMULATIVE.

Were there no example in the world, of contrivance, except that of the eye, it would bo
alone sufficient to support the conclusion which we draw from it, as to the necessity of an
intelligent Creator. It could never be got rid of ; because it could not be accounted for by
any other supposition, which did not contradict all the principles we possess of knowledge ;
the principles according to which, things do, as often as they can be brought to the test of
experience, turn out to be true or false. Its coats and humours, constructed, as the lenses
of a telescope are comstructed, for the refraction of rays of light to a point, which forms
the proper action of the organ; the provision in its muscular tendons for turning its pupil
to the object, similar to that which is given to the telescope by screws, and upon
which power of direction in the eye, the exercise of its office as an optical instrument
depends ; the farther provision for its defence, for its constant lubricity and moisture,
which we see in its socket and its lids, in its gland for the secretion of the matter of
tears, its outlet or communication with the nose for carrying off the liquid after the eye
is washsed with it ; these provisions compose altogether an apparatus, a system of parts,
» preparation of means, 80 manifest in their design, so exquisite in their contrivance, so
succegsful in their issue, so precious, and so infinitely beneficial in their use, as, in my

E



W NATTRAL THEOLOGY.

vpiuon v e dowr Al dinie s ear ie rmiesd wom the sobject.  And what T wish,
vuley e e of e e clsgrem. 32 abmerve B oz ff ocber parts of nature were
Nawrsmdiiot V: UTT WGtk of o7 ¥ chier jarte «f natuve presemted img to our exami-
1o tn Grrdey x0f confomon. the vlidhny of this exmmle wonld remam the same.  If
tiews wayr UIT Ut WaLL I the wirdd T wirid Dt he less certaim that it had a maker.
If we iad wever i ovr Eves woer axy bt ome smgie ‘kmd of hydrankic machine, yet, if
of tuag s kind we codermond e mechaniam and nee. we should be aa perfectly

tat 3t jeuoosied from the band. and thoogit and 31 of 2 workman, as if we visited a
wowni: of the are. and ww culeried there twenty Efferemt kinds of machimes for drawing
war, o1 a thoumsd differemt kinds for other Of tinis point, each machine is a
prod iwdependemly of all the rest. So 1t is with the evidences of a Divine agency. The
prod s 2 a ovnrlusion which Bes a2 the end of a chain of ressoming, of which chain each
inanes o oumtrivance is only a Fnk, and of which. if ane Fnk fail, the whole falls; but it
s w argunem eqanwly smppbed by every separate example Am aror in stating s
exaupl:, afinte only that example. The arpument is comulative, in the fallest sense of
that rm.  The eye pruves it without the ear ; the ear without the eve.  The proof in each
exasple is complete ; for when the design of the part. and the conduciveness of its structare
t0 that desigm, it thewn, the mind may set itaelf at rest ; no future consideration can detract
any thing from the force of the example.

CHAPTER VII.

OF THE MECHANICAL AXD IMMECHANICAL PARTS AND PUNCYIONS OF ANIMALS AND
VEGETABLES.

I in ot that every part of an animal or vegetable has not proceeded from a contriving
mind ; or that every part is not constructed with a view to its proper ead and purpoee, ac-
oording to the laws belonging to, and governing the subetance or the action made use of in
that part ; or that each part is not so constructed as to effectuate its purpose whilst it ope-
rates acourding to these laws; but it is because these laws themselves are not in all cases
equally understood ; or, what amounts to nearly the same thing, are not equally exemplified
in more simple processcs, and more simple machines ; that we lay down the distinction,
here proposcd, between the mechanical parts and other parts of animals and vegetables ©.

¢ The imuechanical properties of plants are just as full
of instances of contrivance as those of animals. Thas,
ju their juices, which are always so regular and so uni-
form — 80 sweet in some, so acid or Dbitter in others,
tastelens in many, yet saline in several ; the order and
the regulurity are alike incomprebensible. Neither by
any contrivance of ours can this order of things be
altered. Thus, the wild sorrel still secretes its acid,
M nourished with sugar and water only. The sea-kale
(evambe maritima) which grows wild on the sea-shore,
will yet secrete in its juices common salt when growing
in our most inland gardens.

Neither ean a plant be made to absorb ono salt in
preference to another. If common salt, and Glauber slt,
and muriste of lime, in equal proportions, are dissolved in
water ; and a plant of mint placed in the solution ; the
vegrtublo will readily absorb a considerable proportion of
eommon salt, and lass of the Qlauber ; but the muriste of
lima is entirely rejected. The plant will not imbibe a
perticle,

The very power which the plant thus excrcises is
totally incomprehensible by any of our chemical investi-
gations ; for to effect the same separation of the salts, the
chemieal analyst has to perform a series of docomposi-

tions, and many other chemical operations must bo gone
through before the desired result can be obtained ; a pro-
cess which the sprig of mint performs at once.

The unchemical reader is mot to imagine that this
separation, by the plant, of the salts is the effect of mere
filtration, or some other simple process; since by mo
manipulation of this kind can the effect be produced.
The most delicate filters in the world are utterly useless
in an attempt to separate a salt from its solution.

Then aguia, certain plants shew a decided preference
for particular salts. The sun-flower and the nettle grow
most luxuriantly in thoee soils which contsin saltpetre
(nitrate of potash), and as this salt is produced in old
walls, and under buildings, there the nettle is sure to be
found.

Lucern, sainfoin, or red clover, have less fondness for
saltpetre, but they absorb sulphate of lime )
readily, and only flourish where it is found in the land.
Other plants care for neither. Thus the wheat, or the
oat plant, do not grow more luxuriantly by their addition
to the soils on which thoy are cultivated.

The absorbent powers of the plant are not confined to
soluble matters, for the most insoluble substances, sach
as clay, flint, chalk, manganeee,and phosphate of lime,
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For instance : the principle of muscular motion, viz. upon what cause the swelling of the
belly of the muscle, and consequent contraction of its tendons, either by an act of the will,
or by involuntary irritation, depends, is wholly unknown to us. The substance emplofed
whether it be fluid, gaseous, elastic, electrical, or none of these, or nothing resembling these,
is also unknown to us : of course, the laws belonging to that substance, and which regulate
its action, are unknown to us. We see nothing similar to this contraction in any machine
which we can make, or any process which we can execute. So far (it is confessed) we are
in ignorance, but no farther. This power and principle, from whatever cause it proceeds,
being assumed, the collocation of the fibres to receive the principle, the disposition of the
muscles for the use and application of the power, is mechanical : and is as intelligible as the
adjustment of the wires and by which a puppet is moved. We see, therefore, as
far as respects the subject before us, what is not mechanical in the animal frame, and what
is. The nervous influence (for we are often obliged to give names to things which we know
little about)—1I say, the nervous influence, by which the belly, or middle of the muscle, is
swelled, is not mechanical. The utility of the effect we perceive ; the means, or the pre-
paration of means, by which it is produced, we do not. But obscurity as to the origin of
muscular motion brings no doubtfulness into our observations, upon the sequel of the pro-
ceas. Which observations relate, lst, to the constitution of the muscle ; in consequence of
which constitution, the swelling of the belly or middle part is necessarily and mechanically
followed by a contraction of the tendons: 2dly, to the number and variety of the muscles,
and the corresponding number and variety of useful powers which they supply to the ani-
mal ; which is astonishingly great : 3dly, to the judicious (if we may be permitted to use
that term in speaking of the Author, or of the works, of nature), to the wise and well-con-
trived disposition of each muscle for its specific purpose ; for moving the Jomt this way, and
that’way, and the other way ; for pulling and drawing the part, to which it is attached, in a
determinate and particular direction ; which is a mechanical operation, exemplified in a multx-
tude of instances. To mention only one : The tendon of the trochlear muscle of the eye, to the
end that it may draw in the line required, is passed through a cartilaginous ring, at which it
is reverted, exactly in the same manner as a rope in a ship is carried over a block or round
a stay, in order to make it pull in the direction which is wanted. All this, as we have said,
is mechanical ; and is as accessible to inspection, as capable of being ascertained, as the me-
chanism of t.he automaton in the Strand. Supposing the automaton to be put in motion by
s magnet (which is probable), it will supply us with a comparison very apt for our present
purpose. Of the magnetlc efluvium, we know perhaps as little as we do of the nervous

fluid. But, magnetic attraction being assumed (it signifies nothing from what cause it pro-
ceeds), we can trace, or there can be pointed out to us, with perfect clearness and certamty,
the mechanism, viz. the steel bars, the wheels, the joints, the wires, by which the motion
0 much admired is communicated to the fingers of the image; and to make any obscurity,
or difficulty, or controversy in the doctrine of magnetism, an objection to our knowledge or
our certainty, concerning the contrivance, or the marks of contnvance, displayed in the
satomaton, would be exactly the same thing, as it is to make our ignorance (which we
acknowledge) of the cause of nervous agency, or even of the substance and structure of the

0 found in plants, and not in minute proportions only.
Plint, for instance, abounds to such an extent in the
Dutch rush, that it is employed by the turners, to polish
wood, horn, and even brase.

Flint (nlcz) is found also in the wheat plant, abound-
ing in the sfraw, where its presence imparts the requisite
frm to enable it to .the“’eu,bmu
hardly traceable in the sced ‘where it is not required.

Is not this contrivance ? or is all this arrangement also
chance? The progress of chemistry sinco Paley wrote,
snd Dr. Black, his chemical instructor, experimentalized.
hes unfolded many s beautiful vegetable phenomenon,
jot 0e mystie, just as monuhmg as any thing met with
im snimal chemistry ; one le after anoth
has boen discovered. Qniniue, mdim, morphu, and many
othens, have been made subservicat to our use, and the

field is yet not nearly exhausted, but still the conclusion
is the same ; the deeper the chemist penetrates, the more
numerous are the contrivances he observes. The ablest,
the most unwearied of chemists have devoted themselves
to the investigation with an energy worthy of such a re-
search ; but none of these philosophers have arisen from
their toils, with the conclusion that chance had any thing
to do with the formation of a plant.

Itis true that the celebrated and vain-glorious natu-
ralist Buffon had a differeut opinion, that he saw none of
these mysteries, and that he ignorantly inscribed under a
statue of himself, * A genius equal to the majesty of na-
ture.” Yet, as was well observed by Sir J. E. Smith,
the late president of the Linnzan Society, * a blade of
grass is amply sufficient to confound all his
sions.”

)

r



52

NATURAL THEOLOGY.

nerves themselves, a ground of question or suspicion as to the reasoning which we institute
concerning the mechanical part of our frame. That an animal is a machine, is a proposition
neither correctly true nor wholly false. The distinction which we have been discussing will
scrve to show how far the comparison, which this expression implies, holds; and wherem it
fails. And whether the distinction be thought of importance or not, it is certainly of
importance to remember, that there is neither truth nor justice in endeavouring to bring a
cloud over our understandings, or a distrust into our rcasonings upon this subject, by
suggesting that we know nothing of voluntary motion, of irritability, of the principle of
life, of scnsation, of animal lheat, upon all which the animal functions depend; for our
ignorance of these parts of the animal frame concerns not at all our knowledge of the
mechanical parts of the same frame. I contend, therefore, that there is mechanism in
animals ; that this mechanism is as properly such, as it is in machines made by art ; that
this mechanism is intelligible and certain ; that it is not the less so, because it often begins
or terminates with something which is not mechanical ; that whenever it is intelligible and
certain, it demonstrates intention and contrivance, as well in the works of nature, as in
those of art ; and that it is the best demonstration which either can afford.

But whilst I contend for these propositions, I do not exclude myself from asserting, that
there may be, and that there are, other cases, in which, although we cannot exhibit me-
chanism, or prove indecd that mechanism is employed, we want not sufficient evidence
to conduct us to the same conclusion.

There is what may be called the ckemical part of our frame ; of which, by reason of
the imperfection of our chemistry, we can attain to no distinct knowledge ; I mean, not to
a knowledge, cither in degree or kind, similar to that which we possess of the mechanical
part of our frame. It does not, thercfore, afford the same species of argument as that
which mechanism affords ; and yet it may afford an argument in a high degree satisfac-
tory *. The gastric juice, or the liquor which digests the food in the stomach of animals,
is of this class. Of all menstrua, it is the most active, the most universal. In the human
stomach, for instance, consider what a variety of strange substances, and how widely dif-
ferent from one another, it, in a few hours, reduces to a uniform pulp, milk, or mucilage.

¢ The remark of Paley as to the superiority of me-
chanism to chemistry for the purposes of popular illustra-
tion necds no confirmation, although there are certain
chemical investigations into the composition of the *cle-
menu," as thoy were formerly called, which in an ad-
rate the contrivance and skill of
their divine Author. Thus, in the air we breathe, many
and vaguo were tho notious originally entertained with
regard to its composition. Tt was soon, however, deter-
mined that in the act of breathing, only a portion of the
air inspired was rctained by the lungs; and to this, in
consequence, the name of vital air, or oxygen gas, was
given. To the respired or rejected portion the name of
azoto, or nitrogen gas, was applied ; and by careful analysis
it has been determined that these two gases constitute the
atmosphero in which wo live and breathe, in the pro-
portion of twenty-one parts oxygen, and u-venty-nine
parts nitrogen. The oxygen is alone necessary tn main-
tain the brcn.tlung of animals and to
The nitrogen is merely added, as far as our knowledge
cxteuds, as a dilutant to modify the otherwise too active
action of the oxygen upon the lungs, and upon our fires.
If we attempt to breathe pure oxygen gas, the lungs
are so strongly excited that death speedily ensues ; and if
any ignited body is placed in the seame gas, the combus-
tion is so rapid that hardly any substance can be burnt
with sufficient slowness or the required regularity. Had
our atmosphere been formed entirely of oxygen, our pre-
sent easily manageable fires would have burnt with an un-
controulable violence.
The addition of a large proportion of nitrogen, by
diluting the oxvgen, modifies its active powers without

destroying their effect. The careful proportion too in
which this mixture is made commands our serious atten-
tion ; chance had no hand in its composition, for if the
pmpomon only of the two guses are altered, and they aro
then combined, strangely,different subst are pr

Thus, twenty-six parts nitrogen, and seventy—four parts
oxygen, form nitric-acid or aqua-fortis; and sixty-three
and a half parts nitrogen, and thirty - six and a half
parts oxygen, form nitrous oxyde, the laughing s
of chemists (Davy's Rescarches, p. 291. Heory's
Chem., vol. xviii. p. 359. Thomson, vol. ii. p. 90);
and by mercly varying the proportions, the chemist pro-
duces many other substances, such as nitrous gas, and
nitrous acid.

The regular proportion of the two gases existing in the
ntmosphcre of n.ll parts of tho world equally commands
our Rep and ful examinations
by tho most t chemists have d trated that
these nover vary. The composition of air taken in the
open country and in the centre of the most populous
citics, whether collected upon the summits of the most
clovated mountains or in the lowest valleys, is exactly
the same. Probably the means by which this unvarying
proportion is preserved, is only partially known to us;
but this we do know, the oxygen eonmmed by nnimlln,
and by our fires, is tly and
the atmosphere by the leaves of all vegeublu gromng
in the light. Winds, if they served no other beneficial
purpose, would be advantageous in preserving the uniform
composition of our atmocphem. They hurry away the
vitiated air of towns, and bnng in its place that which has
becn purified by vegetation in the agricultural districts.
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It seizes upon every thing, it dissolves the texture of almost every thing, that comes in its
way. The flesh of perhaps all animals; the seeds and fruits of the greatest number of
plants ; the roots, and stalks, and leaves of many, hard and tough as they are, yield to its
powerful pervasion. The change wrought by it is different from any chemical solution

which we can produce, or with which we are acquainted, in this respect as well as many

others, that, in our chemistry, particular menstrua act only upon particular substances.

Consider moreover that this fluid, stronger in its operation than a caustic alkali or mineral

acid, than red precipitate, or aqua-fortis itself, is nevertheless as mild, and bland, and inof-

fensive to the touch or taste, as saliva or gum-water, which it much resembles. Consider,

I say, these several properties of the digestive organ, and of the juice with which it is sup-

plied, or rather with which it is made to supply itself, and you will confess it to be entitled

to a name, which it has sometimes received, that of ‘the chemical wonder of animal

mtum .-F'

8till we are ignorant of the composition of this fluid, and of the mode of its action ; by
which is meant that we are not capable, as we are in the mechanical part of our frame, of
ollating it with the operations of art. And this I call the imperfection of our chemistry ;
for, should the time ever arrive, which is not perhaps to be despaired of, when we can com-
pound ingredients, so as to form a solvent which will act in the manner in which the gastric
juice acts, we may be able to ascertain the chemical principles upon which its efficacy
depends, as well as from what part, and by what concoction, in the human body, these
principles are generated and derived. .

In the meantime, ought that, which is in truth the defect of our chemistry, to hinder us
from acquiescing in the inference, which a production of nature, by its place, its properties,
its action, its surprising efficacy, its invaluable use, authorises us to draw in respect of a
creative design ?

Another most subtile and curious function of animal bodies is secretion. This function is
semi-chemical and semi-mechanical ; exceedingly important and diversified in its effects, but
obscure in its process and in its apparatus. The importance of the secretory organs is but
too well attested by the diseases, which an excessive, a deficient, or a vitiated secrction is
ilmost sure of producing. A single secretion being wrong, is enough to make life miserable,
or sometimes to destroy it. Nor is the variety less than the importance. From one and the
ame blood (I speak of the human body) about twenty different fluids arc separated ; in
their sensible properties, in taste, smell, colour, and consistency, the most unlike one another
that is possible ; thick, thin, salt, bitter, sweet : and, if from our own we pass to other
tpecies of animals, we find amongst their secretions not only the most various, but the most
opposite properties ; the most nutritious aliment, the deadliest poison ; the sweetest per-
fumes, the most foetid odours. Of these the greater part, as the gastric juice, the saliva, the

bile, the slippery mucilage which lubricates the joints, the tears which moisten the cye, the
wax which defends the car, are, after they are secreted, made use of in the animal economy ;
e evidently subservient, and are actually contributing, to the utilities.of the animal itself+.

¢ The gastric liquid and the phemonena of digestion

e more fully described in the tenth chapter.

t The simplicity of design, which characterisce the
vorks of the great Architect of the world, is well dis-
Payed in the varicty of forms and cffects which the same
Iogredients are made to produce, as
wied. For this purpose, the chemical comparison of
beed, with four of the secretions formed from it, is not
deviid of interest.

Serum of blood bas been carefully analysed by M.
Beruliva; he found in it the following ingredients :—
¥aer, Jbumen, muriate of potash and soda, lactate of
tody, sods, phosphate of soda.

The mme distinguisbed chemist found saliva to be com-
Powd of water, animal matter, mucus, muriate of potash,
4l of soda, pure soda® ; and human bile, of water,

their proportions are )

picromel (a peculiar animal matter), albumen, soda, phos-
phate of lime, salt, phosphate of soda, with some
lime.

Tears are composed of water, mucus, common salt, soda,
hosphate of lime, phosphate of soda.

The liquid which lubricates the joints, of water, fibrous
matter, albumen, muriate of soda, sodn, phosphate of
lime.—Thomson’s Chemistry, vol. iv. p. 506,7, 12,23.

In the analysis of vegetable substunces, a still more
cxtraordinary simplicity of design is developed : thus
muny substances, such as gum, sugar, starch, wax, cam-
phor, wood, oxalic acid, and many others, arc made entircly
out of the samo substances.

It was a wild dream of somo of the Greek philosophers,
that of one substance only the world was originally
formed ; and to this opinion, Dr. Hook, Sir Isaac Newton,

® Anr. of Phil. vol. ii. p. 202, 379.
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Other fluids seem to be separated only to be rejected. That this also is necessary (though
why it was originally necessary, we cannot tell), is shewn by the consequence of the sepa-
ration being long suspended ; which consequence is disease and death. Akin to secretion,
if not the same thing, is assimilation, by which one and the same blood is converted into
bone, muscular flesh, nerves, membranes, tendons ; things as different as the wood and iron,
canvass and cordage, of which a ship with its furniture is composed. 'We have no operation
of art wherewith exactly to compare all this, for no other reason perhaps than that all
operations of art are exceeded by it. No chemical election, no chemical analysis or rese-
lution of a substance into its constituent parts, no mechanical sifting or division, that we are
acquainted with, in pérfection or variety come up to animal secretion. Nevertheless, the
apparatus and process are obscure ; not to say absolutely concealed from our inquiries. Ina
few, and only a few instances, we can discern a little of the constitution of a gland. In the
kidneys of large animals, we can trace the emulgent artery dividing iteelf into an infinite
number of branches ; their extremities every where communicating with little round bodies,
in the substance of which bodies, the secret of the machinery seems to reside, for there the
change is made. We can discern pipes laid from these round bodies towards the pelvis,
which is a basin within the solid of the kidney. We can discern these pipes joining and
collecting together into larger pipes : and when so collected, ending in innumerable papille,
through which the secreted fluid is continually oozing into its receptacle. This is all we
know of the mechanism of a gland, even in the case in which it seems most capable of being
investigated. Yet to pronounce that we know nothing of animal secretion, or nothing
satisfactorily, and with that concise remark to dismiss the article from our argument, would
be to dispose of the subject very hastily and very irrationally. For the purpose which we
want, that of evincing intention, we know a great deal. And what we know is this. We
see the blood carried by a pipe, conduit, or duct, o the gland. We see an organised appa-
ratus, be its construction or action what it will, which we call that gland. We see the
blood, or part of the blood, after it has passed through and undergone the action of the
gland, coming from it by an emulgent vein or artery, i. 6. by another pipe or conduit. And
we see also at the same time a mew and specific fluid issuing from the same gland by its
excretory duct, i. e. by a third pipe or conduit ; which new fluid is in some cases discharged
out of the body, in more cases retained within it, and there executing some important and
intelligent office. Now supposing, or admitting, that we know nothing of the proper
internal constitution of a gland, or of the mode of its acting upon the blood ; then our situa-
tion is precisely like that of an unmechanical looker-on, who stands by a stocking-loom, a
corn-mill, a carding-machine, or a threshing-machine, at work, the fabric and mechanism of
which, as well as all that passes within, is hidden from his sight by the outside case ; or, if
seen, would be too complicated for his uninformed, uninstructed understanding to compre-
hend. And what is that situation? This spectator, ignorant as he is, sees at one end a
material enter the machine, as unground grain the mill, raw cotton the carding-machine,
sheaves of unthreshed corn the threshing-machine ; and when he casts his eye to the other
end of the apparatus, he sees the material issuing from it in a new state ; and, what is more,
in a state manifestly adapted to future uses ; the grain in meal fit for the making of bread,
the wool in rovings ready for spinning into threads, the sheaf in corn dressed for the mill.
Is it neccssary that this man, in order to be convinced that design, that intention, that con-
trivance has been employed about the machine, should be allowed to pull it to pieces ; should
be enabled to examine the parts separately ; explore their action upon one another, or their
operation, whether simultaneous or successive, upon the material which is presented to them;
he may long to do this to gratify his curiosity ; he may desire to do it to improve his
and Boscovich, evidently inclined. Davy, who certainly design, and the more wonderful the wisdom and power
thought it probable, well denominates such an hypothesis of their Authort.™ Davy,in early youth, was a sceptic :
8 * sublime chemical speculation ®;" and in another he describes his conversion, and the reasons for it, in his
Place he adds, “ the more the phenomena of the universs beautiful little work, * The last Days of a Philosopher,™

are studied, the moro distinct their connection appears, p. 153.
the more simple their causes, the more magnificent their

® Chemical Philosophy, p. 489. + Ibid. 60.
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theoretic knowledge; or he may have a more substantial reason for requesting it, if he
happen, instead of a common visiter, to be a mill-wright by profession, or a person some-
times called in to repair such-like machines when out of order; but for the purpose of
ascertaining the existence of counsel and design in the formation of the machine, he wants
no such intromission or privity. What he sees, is sufficient.- The effect upon the material,
the change produced in it, the utility of that change for future application, abundantly
testify, be the concealed part of the machine or of its construction what it will, the hand and
of a contriver.

If any confirmation were wanting to the evidence which the animal secretions afford of
design, it may be derived, as has been already hinted, from their variety, and from their
appropriation to their place and use. They all come from the same blood ; they are all
drawn off by glands; yet the produce is very different, and the difference exactly adapted
to the work which is to be done, or the end to be answered. No account can be given of
this, without resorting to appointment. Why, for instance, is the saliva, which is diffused
over the seat of taste, insipid, whilst so many others of the secretions, the urine, the tears,
and the sweat, are salt ? Why does the gland within the ear separate a viscid substance,
which defends that passage ; the gland in the upper angle of the eye, a thin brine, which
washes the ball? Why is the synovia of the joints mucilaginous; the bile bitter, stimu-
lating, and soapy ? Why does the juice, which flows into the stomach, contain powers,
which make that bowel the great laboratory, as it is by its situation the recipient, of
the materials of future nutrition? These are all fair questions: and no answer can be
given to them, but what calls in intelligence and intention.

My object in the present chapter has been to teach three things: first, that it is a
mistake to suppose that, in reasoning from the appearances of nature, the imperfection of
our knowledge proportionably affects the certainty of our conclusion ; for in many cases it
does not affect it at all : secondly, that the different parts of the animal frame may be
dassed and distributed, according to the degree of exactness with which we can compare
them with works of art : thirdly, that the meckanical parts of our frame, or those in which
this comparison is most complete, although constituting, probably, the coarsest portions of
mture’s workmanship, are the most proper to be alleged as proofs and specimens of design.

CHAPTER VIIIL

OF MECHANICAL ARRANGEMENT IN THE HUMAN FRAME.

W= proceed, therefore, to propose certain examples taken out of this class; making
choice of such as, amongst those which have come to our knowledge, appear to be the
most striking and the best understood ; but obliged, perhaps, to postpone both these re-
commendations to a third ; that of the example being capable of explanation without plates,

o figures, or technical language.
OF THE BONES,

L—I challenge any man to produce in the joints and pivots of the most complicated or
the most flexible machine that was ever contrived, a construction more artificial, or more
evidently artificial, than that which is seen in the vertebree of the Auman neck.—Two things
were to be done. The head was to have the power of bending forward and backward,
% in the act of nodding, stooping, looking upward or downward ; and, at the same time,
of tarning itself round upon the body to a certain extent, the quadrant we will say, or
nrather, perhape, a hundred-and-twenty degrees of a circle. For these two purposes, two
diskinok contrivances are empluyed First, the head rests immediately upon the upper-
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most part of the vertebre, and is united to it by a kinge-joint ; upon which joint the head
plays freely forward and backward, as far either way as is necessary, or as the ligaments’
allow ; which was the first thing required.—But then the rotatory motion is unprovided
for : Therefore, secondly, to make the head capable of this, a farther mechanism is intro-
duced ; not between the head and the uppermost bone of the neck, where the hinge is, but
between that bone and the bone next underneath it. It is a mechanism resembling a tenon
and mortice. This second, or uppermost bone but one, has what anatomists call a pro-
cess, viz. a projection, somewhat similar, in size and shape, to a tooth ; which tooth, enter-
ing a corresponding hole or socket in the bone above it, forms a pivot or axle, upon which
that upper bone, together with the head which it supports, turns freely in a circle ; and as
far in the circle as the attached muscles permit the head to turn. Thus are both metions
perfect without interfering with each other. When we nod the head, we use the hinge-
joint, which lies between the head and the first bone of the neck. When we turn the
head round, we usc the tenon and mortice, which runs between the first bone of the neck
and the second. We sce the same contrivance and the same principle employed in the frame
or mounting of a telescope. It is occasionally requisite, that the object-end of the instru-
ment be moved up and down, as well as horizontally, or equatorially. For the vertical
motion, there is a hinge, upon which the telescope plays; for the horizontal or equatorial
motion, an axis upon which the telescope and the hinge turn round together. And this is
exactly the mechanism which is applied to the motion of the head : nor will any one here
doubt of the existence of counsel and design, except it be by that debility of mind, which
can trust to its own reasonings in nothing. :

We may add, that it was, on another account also, expedient, that the motion of the
head backward and forward should be performed upon the upper surface of the first vertebra :
for, if the first vertebra itself had bent forward, it would have brought the spinal marrow,
at the very beginning of its course, upon the point of the tooth*.

II. Another mechanical contrivance, not unlike the last in its object, but different and
original in its means, is seen in what anatomists call the fore-arm; that is, in the arm
between the elbow and the wrist. Here, for the perfect use of the limb, two motions are
wanted ; a motion at the elbow backward and forward, which is called a reciprocal motion ;-
and a rotatory motion, by which the palm of the hand, as occasion requires, may be turned
upward. How is this managed ? The fore-arm, it is well known, consists of two bones,
lying alongside each other, but touching only towards the ends. One, and only one, of these
bones, is joined to the cubit, or upper part of the arm, at the elbow ; the other alone, to the
hand at the wrist. The first, by means, at the elbow, of a hinge-joint (which allows only
of motion in the same planc), swings backward and forward, carrying along with it the
other bone, and the whole fore-arm. In the mean time, as often as there is occasion to turn
the palm upward, that other bone to which the hand is attached, rolls upon the first, by
the help of a groove or hollow near each end of one bone, to which is fitted a correspond-
ing prominence in the other. If both bones had been joined to the cubit or upper arm, at
the elbow, or both to the hand at the wrist, the thing could not have been done. The
first was to be at liberty at one end, and the second at the other ; by which means the
two actions may be performed together. The great bone which carries the fore-arm, may
be swinging upon its hinge at the elbow, at the very time that the lesser bone, which carries
the hand, may be turning round it in the grooves. The management also of these grooves,
or rather of the tubercles and grooves, is very observable. The two bones are called the

* The same curious mechanism, the same adaptation
of parts to the habits of the individual, are observed in
the necks of other animals. It is elongated in the
camelopard, whose pasturage is the folinge of trees ; it is
shortened and strong in the pig and mole, who uproot the
earth. Where the long muzzle and heavy head require
extra strength and support at its junction with the neck,
then, as in the pongo, the spinous procesecs are very
long. In carnivorous animals, who scize and bear off
their prey in their mouths, still greater security from

dislocation is required, and in these the spinous process
of the axis is very high, and is prolonged both upwards
upon the atlas, and downwards upon the third vertebra,
thus furnishing the requisite enlarged points of insertion
for the muscles that move and support the head. In tba
camel, camclopard and others, the spinous processes are
almost effaced ; if this had not been done their necks conld
not have been bent backward, and to these animals cer-
vical flexibility is more necessary than cervical strength.—
Cuvicr’s Lectures on Comparative Anatomy.
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radius and the wina. Above, i. e. towards the elbow, a tubercle of the radius plays into a
socket of the ulna; whilst below, i. e. towards the wrist, the radius finds the socket, and
the ulna the tubercle. A single bone in the fore-arm, with a ball and socket joint at theé
elbow, which admits of motion in all directions, might, in some degree, have answered the
purpose of both moving the arm and turning the hand. But how much better it is accom-
plished by the present mechanism, any person may convince himself, who puts the ease and
quickness with which. he can shake his hand at the wrist circularly (moving likewise, if he
pleases, his arm at the elbow at the same time), in competition with the comparatively slow
and laborious motion, with which his arm can be made to turn round at the shoulder, by
the aid of a ball and socket-joint.
IIL. The spine, or back-bone, is a chain of joints of very wonderful construction. Various,
difficult, and almost inconsistent offices were to be executed by the same instrument. It
was to be firm, yet flexible (now I know no chain made by art, which is both these ; for
by firmness I mean, not only strength, but stability) ; firm, to support the erect position of
the body ; flexible, to allow of the bending of the trunk in all degrees of curvature. It was
farther also (which is another, and quite a distinct purpose from the rest) to become a pipe
or conduit for the safe conveyance from the brain, of the most important fluid of the animal
frame, that, namely, upon which all voluntary motion depends, the spinal marrow ; a sub-
stance not only of the first necessity to action, if not to life, but of a nature so delicate and
tender, so susceptible and so impatient of injury, as that any unusual pressure upon it, or
any considerable obstruction of its course, is followed by paralysis or death. Now the
spine was not only to furnish the main trunk for the passage of the medullary substance
fom the brain, but to give out, in the course of its progress, small pipes therefrom, which,
being afterward indefinitely subdivided, might, under the name of nerves, distribute this
exquisite supply to every part of the body. The same spine was also to serve another use
not less wanted than the preceding, viz. to afford a fulcrum, stay, or basis (or, more pro-
perly speaking, a series of these), for the insertion of the muscles which arc spread over the
trunk of the body ; in which trunk there are not, as in the limbs, cylindrical bones, to which
they can be fastened: and likewise, which is a similar use, to furnish a support for the
ends of the ribs to rest upon.

Bespeak of a workman a piece of mechanism which shall comprise all these purposes, and
let him set about to contrive it ; let him try his skill upon it; let him feel the difficulty of
wcomplishing the task, before he be told how the same thing is effected in the animal frame.
Nothing will enable him to judge so well of the wisdom which has been employed ; nothing
will dispose him to think of it so truly. First, for the firmness, yet flexibility, of the spine ;

. itis composed of a great number of bones (in the human subject, of twenty-four) joined to
o another, and compacted by broad bases. The breadth of the bases upon which the
parts severally rest, and the closeness of the junction, give to the chain its firmness and
stability ; the number of parts, and consequent frequency of joints, its flexibility. Which
flexibility, we may also observe, varies in different parts of the chain ; is least in the back,
where strength, more than flexure, is wanted : greater in the loins, which it was necessary
thould be more supple than the back ; and greatest of all in the ncck, for the free motion
ofthe head. Then, secondly, in order to afford a passage for the descent of the medullary
subetance, each of these bones is bored through in the middle in such a manner as that,
when put together, the hole in one bone falls into a line, and corresponds with the holes in
the two bomes contiguous to it. By which means, the perforated pieces, when joined, form
i entire, close, uninterrupted channel ; at least, whilst the spine is upright, and at rest.
But, as a settled posture is inconsistent with its use, a great difficulty still remained, which
¥is to prevent the vertebree shifting upon one another, so as to break the line of the canal
% often as the body moves or twists : or the joints gaping externally, whenever the body is
bent forward, and the spine thereupon made to take the form of a bow. These dangers,
which are mechanical, are mechanically provided against. The vertebree, by means of their
Processes and projections, and of the articulations which some of these form with one
inother at their extremities, are so locked in and confined, as to maintain, in what are called

the bodies or broad surfaces of the bones, the relative position mearly unaltered; and to
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throw the change and the pressure, produced by flexion, almost entirely upon the intervening
cartilages, the springiness and yielding nature of whose substance admits of all the motion
which is necessary to be performed upon them, without any chasm being produced by a
separation of the parts. I say, of all the motion which is necessary ; for although we bend
our backs to every degree almost of inclination, the motion of each vertebra is very small :
such is the advantage we receive from the chain being composed of so many links, the spine
of so many bones. Had it consisted of three or four bones only ; in bending the body, the
spinal marrow must have been bruised at every angle. The reader need not be told, that
these intervening cartilages are gristles ; and he may see them in perfection in a loin of veal.
Their form also favours the same intention. They are thicker before than behind ; so that
when we stoop forward, the compressible substance of the cartilage, yielding in its thicker
and anterior part to the force which squeezes it, brings the surfaces of the adjoining vertebres
nearer to the being parallel with one another than they were before, instead of increasing the
inclination of their planes, which must have occasioned a fissure or opening between them.
Thirdly, for the medullary canal giving out in its course, and in a convenient order, a supply
of nerves to different parts of the body, notches are made in the upper and lower edge of
every vertebra; two on each edge; equi-distant on each side from the middle line of the
back. When the vertebra are put together, these notches, exactly fitting, form small holes,
through which the nerves, at each articulation, issue out in pairs, in order to send their
branches to every part of the body, and with an equal bounty to both sides of the body.
The fourth purpose assigned to the same instrument, is the insertion of the bases of the
muscles, and the support of the ends of the ribs ; and for this fourth purpose, especially the
former part of it, a figure, specifically suited to the design, and unnecessary for the other
purposes, is given to the constituent bones. 'Whilst they are plain, and round, and smooth,
towards the front, where any roughness or projection might have wounded the adjacent
viscera, they run out, behind, and on each side, into long processes, to which processes the
muscles necessary to the motions of the trunk are fixed ; and fixed with such art, that,
whilst the vertebrs supply a basis for the muscles, the muscles help to keep these bones in
their position, or by their tendons to tie them together.

That most important, however, and general property, viz. the strength of the compages,
and the security against luxation, was to be still more specially consulted ; for, where so
many joints were concerned, and where, in every one, derangement would have been fatal,
it became a subject of studious precaution. For this purpose the vertebrae are articulated,
that is, the moveable joints between them are formed by means of those projections of their
substance, which we have mentioned under the name of processes: and these so lock in
with, and overwrap one another, as to secure the body of the vertebra, not only from
accidentally slipping, but even from being pushed out of its place by any violence short of
that which would break the bone. I have often remarked and admired this structure in the
chine of a hare. In this, as in many instances, a plain observer of the animal economy may
spare himself the disgust of being present at human dissections, and yet learn enough for his
information and satisfaction, by even examining the bones of the animals which come upon
his table. Let him take for example, into his hands, a piece of the clean-picked bone of a
hare’s back ; consisting, we will suppose, of three vertebree. He will find the middle bone
of the three so implicated, by means of its projections or processes, with the bone on each
side of it, that no pressure which he can use, will force it out of its place between them.
It will give way neither forward, nor backward, nor on either side. In whichever direction
he pushes, he perceives, in the form, or junction, or overlapping, of the bones, an impediment
opposed to his attempt ; a check and guard against dislocation. In one part of the spine,
e will find a still farther fortifying expedient, in the mode according to which the ribs are
annexed to the spine. Each rib rests upon two vertebrse. That is the thing to be remarked,
and any one may remark it in carving a neck of mutton. The manner of it is this: the end
of the rib is divided by a middle ridge into two surfaces; which surfaces are joined to the
bodies of two contiguous vertebrs, the ndge apply'mg 'itaclf to the intervening
Now this is the very contrivance which is employed in the famous iron bridge at my door
at Bishop-Wearmouth ; and for the same purpose of stability ; viz. the cheeks of the bars,
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which pass between the arches, ride across the joints, by which the pieces compoeing each
arch are united. Each cross-bar rests upon two of these pieces at their place of junction :
and by that position resists, at least in one direction, any tendency in either piece to slip
out of its place. Thus perfectly, by one means or the other, is the danger of slipping laterally,
or of being drawn aside out of the lins of the back, provided against: and, to withstand the
bones being pulled asunder longitudinally, or in the direction of that line, a strong membrane
rung from one end of the chain to the other, sufficient to regist any force which is ever likely
$o act in the direction of the back, or parallel to it, and consequently to secure the whole
combination in their places. The general result is, that not only the motions of the human
body necessary for the ordinary offices of life are performed with safety, but that it is an
accident hardly ever heard of, that even the gesticulations of ‘a harlequin distort his
spine.

Upon the whole, and as a guide to those who may be inclined to carry the consideration
of this subject farther, there are three views under which the spine ought to be regarded, and
in all which, it cannot fail to excite our admiration. These views relate to its articulations,
its ligaments, and its perforation ; and to the corresponding advantages which the body
derives from it, for action, for strength, and for that which is essential to every part, a secure
communication with the brain.

The structure of the spine is not in general different in different animals. In the serpent
tribe, however, it is considerably varied ; but with a strict reference to the conveniency of
the animal. For, whereas in quadrupeds the number of vertebre is from thirty to forty, in
the serpent it is nearly one hundred and fifty : whereas in men and quadrupeds the surfaces
of the bones are flat, and these flat surfaces laid one against the other, and bound tight by
sinews ; in the serpent, the bones play one within another like a ball and socket *, so that
they have a free motion upon one another in every direction: that is to say, in men and
quadrupeds, firmness is more consulted; in serpents, pliancy. Yet even pliancy is not

obtained at the expense of safety. The back bone of a serpent, for coherence and flexibility,
is one of the most curious pieces of animal mechanism with which we are acquainted. The
chain of a watch (I mean the chain which passes between the spring-barrel and the fusee),
which aims at the same properties, is but a bungling piece of workmanship in comparison
with that of which we speak t.

TV. The reciprocal enlargement and contraction of the chest to allow for the play of the

depends upon a simple yet beautiful mechanical contrivance, referable to the structure
of the bones which enclose it. The ribs are articulated to the back-bone, or rather to its
aide projections, obliguely : that is, in their natural position they bend or slope from the
place of articulation downwards. But the basis upon which they rest at this end being
fixed, the consequence of the obliquity, or the inclination downwards, is, that when they
come to move, whatever pulls the ribs upwards, necessarily, at the same time, draws them
out ; and that, whilst the ribs are brought to a right angle with the spine behind, the
sternum, or part of the chest to which they are attached in the front, is thrust forward.
The simple action, therefore, of the elevating muscles does the business; whereas, if the
ribs had been articulated with the bodies of the vertebrm at right angles, the cavity of the
thorax could never have been farther enlarged by a change of their position. If each rib
had been a rigid bone, articulated at both ends to fixed bases, the whole chest had been
immoveable. Keill has observed, that the breast-bone, in an easy inspiration, is thrust out
one tenth of an inch : and he calculates that this, added to what is gained to the space

® Der. Phys. Theol. p. 396.

4+ The spine is the most complicated, therefore most
demonstrative of design, of all the parts of the animal
fame. In the back bones of different animals there is a
congiderable variety in the mechanism employed for the
metion of the vertebrse upon each other, fitting the animals
for the spbero in which they move. In considering the
axticulating cartilages of theso joints which admit of much
motion, we find that they bave a structure of a particular
kind, unlike any other in the body ; it is compact, elastic,

and its fibres are all placed at right angles to the surfaces
of the bones, 5o as to have the full effects of its elasticity
when they are pressed together, thus preventing the jar
that would otherwise be produced at every footstep. Its
external surface is polished, and lubricated with synovia to
enable the bones more readily to play on one another.
This is a provision of natare given to all joints with
capsular ligaments, and is met with whatever may be the
particular form of the joint.—Sir Everard Home's Loctures
on Comparative Anatomy.
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within the chest by the flattening or descent of the diaphragm, leaves room for forty-two
cabic inches of air to enter at every drawing-in of the breath. Where there is a necessity
for a deeper and more laborious inspiration, the enlargement of the capacity of the chest may
be so increased by effort, as that the lungs may be distended with seventy or a hundred such
cubic inches *. The thorax, says Schelhammer, forms a kind of bellows, such as never have
been, nor probably will be, made by any artificer.

V. The patella, or knee-pan, is a curious little bone ; in its form and office, unlike any
other bone in the body. It is circular; the size of a crown-piece; pretty thick ; a little
convex on both sides, and covered with a smooth cartilage. It lies upon the front of the
knee ; and the powerful tendons, by which the leg is brought forward, pass through it (or
rather it makes a part of their continuation), from their origin in the thigh to their insertion
in the tibia. It protects both the tendon and the joint from any injury which either might
suffer, by the rubbing of one against the other, or by the pressure of unequal surfaces. It
also gives to the tendons a very considerable mechanical advantage, by altering the line of
their direction, and by advancing it farther out from the centre of motion ; and this upon the
principles of the resolution of force, upon which principles all machinery is founded. These
are its uses. But what is most observable in it is, that it appears to be supplemental, as it
were, to the frame ; added, as it should almost seem, afterward; mot quite necessary, but
very convenient. It is separate from the other bones; that is, it is not connected with any
other bones by the common mode of union. It is soft, or hardly formed, in infancy ; and
produced by an ossification, of the inception or progress of which no account can be given
from the structure or exercise of the part.

V1. The shoulder-blade is, in some material respects, a very singular bone ; appearing to
be made so expressly for its own purpose, and so independently of every other reason. Im
such quadrupeds as have no collar-bones, which are by far the greater number, the shoulder-
blade has no bony communication with the trunk, either by a joint, or process, or in any
other way. It does not grow to, or out of, any other bone of the trunk. It does not apply
to any other bone of the trunk (I know not whether this be true of any second bone in the
body, except perhaps the os hyoides) : in strictness, it forms no part of the skeleton. It is
bedded in the flesh; attached only to the muscles. It is no other than a foundation bone
for the arm, laid in, separatc as it were, and distinct, from the general ossification. The
lower limbs connect themselves at the hip with bones which form part of the skeleton : but
this connexion, in the upper limbs, being wanting, a basis, whereupon the arm might be
articulated, was to be supplied by a detached ossification for the purposet.

principles, has shown, that when solid bodies are increased
in dimensions, the destroying power proceeds in a quadru-
plicate proportion, while the preserving power rises only
in a triplicate ratio. The all-wise Croator provided

* Anat. p. 229.
1+ Bones differ exceedingly in their texture, yot they
are upon all occasions adapted to the circumstances in

which they are placed ; the structure always correspond
to the purposes for which they are employed. The ribs
of newly-born creatures are the only bones that are hard,
for these only at that period have occasion for a superior
degree of strength,  All the other bones arc mere carti-
lage, yielding to the pressure attendant upon parturition,
and affording security aguinst the falls and accidents to
which all young creatures are liable. The bones of the
forc-foot of a racc-horse and of a deer are unusually hard,
though small : qualities y to be bined to sus-
tain the force with which they strike the ground when the
animal is at its full speed, and yet to offer no unneces-
sary extent of surface to the opposing air. The hardness
of these bones is scarcely equal to that of the lion's fore-
leg, his great weapon of attack and defcoce. This is so
remarkable that it was thought to have a peculiar chemical
composition ; but Mr. Hatchett has shown this to be not
the case. It only contaius a greater proportion of phos-
phate of lime than other bones; its strength arises chicfly
from superior comp of structy

When the bones are enlarged for tho purposes of
strength, or to give attachment to muscles, the contri-
vances are most perfect. Galiloo, on strict mathomatical

against this law by making all large bones hollow, and
thus at the same time removed the centre of motion to
the greatest practicable dist from the of gravity,
giving the utmost possible strength that can be obtained
from the given quantity of materials.

Bones which have neither weight to support nor great
resistance to make are formed proportionably slight ; but
then they are light because hollow.

Independently of this variation in the structure of bones,
fitting them for their soveral officos, they are also adapted
to the medium in which the animal lives. The bones of
all aquatic animals are of small specific gravity. This is
provided in various modes. Cartilaginous fishes have very
little phosphate of lime in their bones. In the whale
tribe, as the bones must be strong as well as have an ex-
tended surface, their internal cavities are filled with oil.
Thbe enormous head of the spermaceti whale has its blow-
holes kept above the surface of the water, by mcans of &
peculiar large cavity filled with spermaceti, which is so
much specifically lighter than water.—Sir Everard Home's
Lectures on Comparative Anatomy.

The bones connected with the car arc among the hard-
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OF THE JOINTS.

1. Tae above are a few examples of bones

6r

made remarkable by their configuration : but

to almost all the bones belong joints ; and in these, still more clearly than in the form or
shape of the bones themselves, are seen both contrivance and contriving wisdom. Every
joint is a curiosity, and is also strictly mechanical. There is the hinge-joint and the mortice
and tenon-joint ; each as manifestly such, and as accurately defined, as any which can be

produced out of a cabinet-maker’s shop ; and

ot in the animal economy ; in the whale and the cachalot
their density is greater than that of marble. Conse-
queatly they are more sonorous, better assisting the sense
of hearing, than if less compact.

The bones of birds have a very particular structure,
Almost without exception they are hollow, but the cavi-
ties contain only air and never marrow. These cavities
bave a direct communication with the lungs, the air which
i forced into the trachea arteria, escaping and returning
rciprocally by a perforation in some one of the bones.
This organisation, says Cuvier, unites in their bones that
levity and strength required by the kind of motion as-
sgoed to them.—Cuvier's Lectures on Comparative
Anatomy.

The of the chemist, since Paley wrote this
slmirable work, still farther confirm the same conclusion,
—that the closest examination of a bone can detect no
“clumeiness ™ of constr , N0 position inadequat
t their required services.

Thus it has been discovered that all bones are princi-
plly composed of a peculiar earthy salt, totally inzoluble

in water, and found hardly anywhere but in the bones of
uimals, or in the vegctables on which these animals
feed.

+

Thus 100 parts calcined human bones are composed,
weording to M. Berzelius, an illustrious Swedish chemist,
of—

Phosphate of lime . . 82 parts.
Fluate of lime (Derby spar) . 3
Lime . . . . . 10
Phosphate of magnesia . . ;
. 2

100
Sochis the chemical compoeition of our bones. These
ingredients, however, are united together by being com-
Vned with 7 per cent. of cartilage, which imparts to all
booes the requisite toughness, And probably, to give ad-
ditioma] hardness to the bones, there is also added to them
tmull quantity of fluate of lime, which is known in
Gmmerce as the hard spar of Derbyshire.

In teeth a still greater hardnoss was required than in
other bones, to enable them to withstand the pressure to
hich they are tly exposed by coming in imme
diate contact with the food they are requived to masticate.
Thi want is met by the withdrawal of 17 per cent. of
artilyge _there being only 20 per cent. of this substanco
1 teeth, while there is 37 in all other bones of the human

body. 100 parts of teeth are composed of—

Carbonic acid (fixed air) .

Phosphate of lime . . . 64 parts.

Carbonate of lime . . . Qg

lw . L L L 0
100

3ded to which there is a considerable proportion of fluate
of lime in teeth.

The enamel of tecth required still greater hardness
than the teeth themselves ; and to meet this necessity the

one or the other prevails, as either is adapted

cartilage is entirely withdrawn, and a strong cement of
gelatine substituted, and substituted in this bony sub-

stance only. 100 parts of the enamel of teeth are com-
posed of—
Phosphate of lime . . 73 parts.
Gelatine (glue) . . .27
100

It is moreover most remarkable, that this enamel en-
crusts only the exposed portions of the tooth—the fangs
and neck are entirely devoid of it.

The supply, therefore, of hardening ingredients to the
teeth, and to tho bones, is exactly adapted to the neces-
sity, and that too with a regularity which must command
our serious attention.

Thus (to give another instance) the yielding and tough
bones of children are composed almost entirely of carti-
lage and gelatine. The phosphate and carb of lime,
which abound in those of adults, are gradually deposited
as increasing age requires increased hardness in the bone.
But it was necessary that this deposition should not be in
excess, or deficient in proportion—for those diseased ‘per-
sons, whose bones are brittle, are instances of the first,
and rickety children of the last, malformations.

The bones and shells of fish are composed of the same
substances as other bones. But the gelatine is with-
drawn, and replaced with cartilage ; since the first would
soften or dissolve in the water, which cartilage will not.
Thus 100 parts of lobster shells are composed of—

Phosphate of lime 14 parts.

Cartilage . . . 26

Carbonate of lime (chalk) . 60 i
100

Most persons believe that the horns of animals are
similar in composition to bones, but they are in fact
totally different ; thus, 100 parts of the horns of black
cattle were found by Dr. John to contain 90 parts of
coagulated albumen (hardened white of egg); and thus
constituted they p a degree of tough and
strength amply sufficient to withstand the blows to which
they are continually exposed. Had these projecting
exposed weapons boen composed of the same ingredients
as the other bones of the animal, their brittleness would
bave rendered them incessantly liable to fractures; as
now constituted, they generally cndure amid all vicissi-
tudes. A cow with only one horn is remarkable for its
singularity.

The same remarks apply in a great measure to the nails
of the human hand, which, like the horns of cattle, are
composed almost entirely of albumen—and whose office
requires toughness rather than hardness : pliancy protects
them from fracture ; if they had been stubborn they must
have been clumsy. No cause can be given for these devi-
ations in the composition of bony substances, which does
not assign contrivance and design as the real motive—and
that this is the true explanation, no man who looks at
the nails of his own hand need for one moment doubt.
Baut this is an inst of the adap of the means to
an end too familiar to our to be noticed s0 uni

i
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to the motion which is wanted : e. g. a mortice and tenon, or ball and socket joint, is not
required at the knee, the leg standing in need only of a motion backward and forward in the
same plane, for which a hinge-joint is sufficient; a mortice and tenon, or ball and socket
joint, 18 wanted at the hip, that not only the progressive step may be provided for, but the
interval between the limbs may be enlarged or contracted at pleasure. Now observe what
would have been the inconveniency, 4. 6. both the superfluity and the defect of articulation,
if the case had been inverted : if the ball and socket joint had been at the knee, and the
hinge-joint at the hip. The thighs must have been kept constantly together, and the legs
had been loose and straddling. There would have been no use, that we know of, in being
able to turn the calves of the legs before ; and there would have been great confinement by
restraining the motion of the thighs to one plane. The disadvantage would not have been
less, if the joints at the hip and the knee had been both of the same sort; both balls and
sockets, or both hinges : yet why, independently of utility, and of a Creator who consulted
that utility, should the same bone (the thigh-bone) be rounded at one end, and channelled at
the other?

The Ainge-joint is not formed by a bolt passing through the two parts of the hinge, and
thus keeping them in their places; but by a different expedient. A strong, tough, parch-
ment-like membrane, rising from the receiving bones, and inserted all round the received
bones a little below their heads, encloses the joint on every side. This membrane ties, con-
fines, and holds, the ends of the bones together ; keeping the corresponding parts of the joint,
1. e. the relative convexities and concavities, in close application to each other.

For the ball and socket joint, besides the membrane already described, there is in some
important joints, as an additional security, a short, strong, yet flexible ligament, inserted by
one end into the head of the ball, by the other into the bottom of the cup ; which ligament
keeps the two parts of the joint so firmly in their place, that none of the motions which the
limb naturally performs, none of the jerks and twists to which it is ordinarily liable, nothing
less indeed than the utmost and the most unnatural violence, can pull them asunder. It is
hardly imaginable, how great a force is necessary, even to stretch, still more to break, this
ligament : yet so flexible is it, as to oppose no impediment to the suppleness of the joint.
By its situation also, it is inaccessible to injury from sharp edges. As it cannot be ruptured
(such is its strength) ; so it cannot be cut, except by an accident which would sever the limb.
If I had been permitted to frame a proof of contrivance, such as might satisfy the most dis-
trustful inquirer, I know not whether I could have chosen an example of mechanism more
unequivocal, or more free from objection, than this ligament. Nothing can be more
mechanical ; nothing, however subservient to the safety, less capable of being generated by
the action of the joint. I would particularly solicit the reader’s attention to this provision,
as it is found in the head of the thigh-bone ; to its strength, its structure, and its use. It is
an instance upon which I lay my hand. One single fact, weighed by a mind in earnest,
leaves oftentimes the deepest impression. KFor the purpose of addressing different under-
standings and different apprehensions,—for the purpose of sentiment, for the purpose of
exciting admiration of the Creator's works, we diversify our views, we multiply examples ;
but for the purpose of strict argument, one clear instance is sufficient; and not only suffi-

sally as it ought : for, as it is well observed by Sir Chnrles

mouom %0 correctly, every effort of the will is answered

Bell, in his Bridgewater Treatise, “ there is i
and .omethmg of the child’s propensities still in mankind. »

“ A piece of mechanism, as a watch, a bnrometer, ora
dial, will fix attention: a man will ‘make journeys to
seo an engine stamp a coin, or turn a block ; yet the
organs through which he has a thou-nd sources of  enjoy-
ment, and which are in th lves more exquisite in
design, and more curious both in contrivance and in
mechanism, do not enter his thoughts; and if be admire
a living action, that admiration will probably be more
excited, by what is and m s, than by
what is natural and perfectly adjusted to its oﬁce by the
elephant's trunk than by the human hand. ( t is the
effect of habit. The human hand is so beautifully formed,
it has so fine a sensibility, that semsibility governs its

ly, as if the hand itself were the seat of that will ;
m actions are so powerful, so free, and yet so delicate, that
it seems to possess a quality instinct in itself, and there is
no thought of its complexity as an instrument, or of the
relations which make it subservient to the mind; we use
it as we draw our breath, unconsciously, and have lost all
recollection of the feeble and ill-directed efforts of its first
exercise, by which it has been perfected.”—Bell on the
Haud, p. 12 ; Pepys—Nicholson, vol. xiii., p. 216 ; Geh.
Jour., vol. iii., p. 1; vol. vi, p. 591 ; Hatchett, Phil.
Trans. 1799, p. 328 ; Fourcroy and Vauquelin Memoirs,
Institute, vol. ii., p. 284; Ann. Phil. vol. ix., p. 55;
Dr. Thomson, vol. iv., p. 461 ; Davy, Agri. Chem., p
291; Sir E. Home's Lectures on Comparative Anatomy.
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cient, but capable perhaps of generating a firmer assurance than what can arise from a divided
attention.

The ginglymus, or hinge-joint, does not, it is manifest, admit of a ligament of the same
kind with that of the ball and socket joint, but it is always fortified by the species of liga-
ment of which it does admit. The strong, firm, investing membrane, above described,
accompanies it in every part: and in particular joints, this membrane, which is properly a
ligament, is considerably stronger on the sides than either before or behind, in order that the
convexities may play true in their concavities, and not be subject to slip sideways, which is
the chief danger ; for the muscular tendons generally restrain the parts from going farther
than they ought to go in the plane of their motion. In the Anee, which is a joint of this
form, and of great importance, there are superadded to the common provisions for the stability
of the joint, two strong ligaments which cross each other: and cross each other in such a
manner, as to secure the joint from being placed in any assignable direction. I think,”
says Cheselden, ¢ that the knee cannot be completely dislocated without breaking the cross
hglments‘ ” 'We can hardly help comparing this with the bmdmg up of a fracture, where
the fillet is almost always strapped across, for the sake of giving firmness and strength to
the bandage.

Another no less important joint, and that also of the ginglymus sort, is the ankle ; yet
though important (in order, perhaps, to preserve the symmetry and lightness of the limb),
mall, and, on that account, more liable to injury. Now this joint is strengthened, §. o. is
defended from dislocation, by two remarkable processes or prolongations' of the bones of the
leg, which processes form the protuberances that we call the inner and outer ankle. It is
part of each bone gomg down lower than the other part, and thereby overlappmg the Jomt :
vo that, if the joint be in danger of slipping outward, it is curbed by the inner projection, . e.
that of the tibia; if inward, by the outer projection, 1. e. that of the fibula. Between both,
it is Jocked in its position. I know no account that can be given of this structure, except
its utility. Why should the tibia terminate, at its lower extremity, with a double end,
and the fibula the same,—but to barricade the joint on both sides by a continuation of part
of the thickest of the bone over it? The joint at the shoulder, compared with the joint at
the Aép, though both ball and socket joints, discovers a difference in their form and propor-
tions, well suited to the different offices which the limbs have to execute. The cup or socket
at the shoulder is much shallower and flatter than it is at the hip, and is also in part formed
of cartilage set round the rim of the cup. The socket, into which the head of the thigh-bone
is inserted, is deeper, and made of more solid materials. This agrees with the duties assigned
to each part. The arm is an instrument of motion, principally, if not solely. Accordingly
the shallowness of the socket at the shoulder, and the yieldingness of the cartilaginous sub-
stance with which its edgo is set round, and which in fact composes a considerable part of its
concavity, are excellently adapted for the allowance of a free motion and a wide range ; both
which the arm wants. Whereas, the lower limb, forming a part of the column of the body ;
baving to support the body, as well as to be the means of its locomotion ; firmness was to be
consulted, as well as action. With a capacity for motion, in all directions indeed, as at the
shoulder, but not in any direction to the same extent as in the arm, was to be united stabi-
lity, or resistance to dislocation. Hence the deeper excavation of the socket; and the pre-
sence of a less proportion of cartilage upon the edge.

The suppleness and pliability of the joints, we every moment experience ; and the firmness
of animal articulation, the property we have hitherto been conmsidering, may be judged of
from this single obeervation, that, at any given moment of time, there are millions of animal
joints in complete repair and use, for one that is dislocated ; and this, notwithstanding the
contortions and wrenches to which the limbs of anima]s are continually subject.

II. The joints, or rather the ends of the bones which form them, display also, in their con-
figuration, another use. The nerves, blood-vessels, and tendons, which are nccessary to the
life, or for the motion, of the limbs, must, it is evident, ir their way from the trunk of the
body to the place of their destination, travel over the maveable joints; and it is no less

@ Cheselden's Anatomy, ed. 7th, p. 45.
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evident, that, in this part of their course, they will have, from sudden motions, and from
abrupt changes of curvature, to encounter the danger of compression, attrition, or laceration.
To guard fibres so tender against consequences so injurious, their path is in those parts pro-
tected with peculiar care ; and that by a provision, in the figure of the bones themselves.
The nerves which supply the fore-arm, especially the inferior cubical nerves, are at the elbow
conducted, by a kind of covered way, between the condyls, or rather under the inner extu-
berances of the bone, which composes the upper part of the arm*®. At the knee, the extremity
of the thigh-bone is divided by a sinus or cliff into two heads or protuberances : and these
heads on the back part stand out beyond the cylinder of the bone. Through the hollow,
which lies between the hind-parts of these two heads, that is to say, under the ham, between
the ham-strings, and within the concave recess of the bone formed by the extuberances on
each side ; in a word, along a defile, between rocks, pass the great vessels and nerves which
go to the legt. Who led these vessels by a road so defended and secured? In the joint
at the skoulder, in the edge of the cup which receives the head of the bone, is a notch, which
is joined or covered at the top with a ligament. Through this hole, thus guarded, the blood-
vessels steal to their destination in the arm, instead of mounting over the edge of the
concavity }.

III. In all joints, the ends of the bones which work against each other, are tipped with
gristle. In the ball and socket joint, the cup is lined, and the ball capped with it. The
smooth surface, the elastic and unfriable nature of cartilage, render it of all substances the
most proper for the place and purpose. 1 should, therefore, have pointed this out amongst
the foremost of the provisions which have been made in the joints for the facilitating of their
action, had it not been alleged, that cartilage in truth is only nascent or imperfect bone ; and
that the bone in these places is kept soft and imperfect, in consequence of a more complete
and rigid ossification being prevented from taking place by the continual motion and rubbing
of the surfaces; which being so, what we represent as a designed advantage, is an unavoid-
able effect. I am far from being convinced that this is a true account of the fact ; or that, if
it were 80, it answers the argument. To me, the surmounting of the ends of the bones with
gristle, looks more like a plating with a different metal, than like the same metal kept in a
different state by the action to which it is exposed. At all events, we have a great parti-
cular benefit, though arising from a general constitution : but this last not being quite what
my argument requires, lest I should seem by applying the instance to overrate its value, I
have thought it fair to state the question which attends it.

IV. In some joints, very particularly in the knees, there are loose cartilages or gristles
between the bones, and within the joint, so that the ends of the bomes, instead of working
upon one another, work upon the intermediate cartilages. Cheselden has observed §, that
the contrivance of a loose ring is practised by mechanics, where the friction of the joints of
any of their machines is great ; as between the parts of crook-hinges of large gates, or under
the head of the male screw of large vices. The cartilages of which we speak, have very
much of the form of these rings. The comparison moreover shews the reason why we find
them in the knees rather than in other joints. It it an expedient, we have seen, which a
mechanic resorts to, only when some strong and heavy work is to be done. So here the
thigh-bone has to achieve its motion at the knee, with the whole weight of the body pressing
upon it, and often, as in rising from our seat, with the whole weight of the body to lift. It
should seem also, from Cheselden’s account, that the slipping and sliding of the loose carti-
lages, though it be probably a small and obscure change, humoured the motion at the end of
the thigh-bone, under the particular configuration which was necessary to be given to it for
the commodious action of the tendons; (and which configuration requires what he calls a
variable socket, that is, a concavity, the lines of which assume a different curvature in diffe-
rent inclinations of the bones)|| .

@ Cheselden’s Anatomy, p. 255, ed. 7. modern professors ; but those who consider this as a erime,
1+ Ibid. p. 85. have been very slow in adducing any instauces where these
1 Ibid. p. 80. two great anatomists bave led him into error. The
§ Ibid. p.13. talented Keill was the earlier writer of the two, and

|| Paley has been charged with taking Cheselden and his work, ‘‘ The Anatomy of the Human Body,” was
Kueill for his authorities in anatomy, in preference tomore long the vade mecum of the medical student. He



NATURAL THEOLOGY. 65

V. We have now done with the configuration ; but there is also in the joints, and that
common to them all, another exquisite provision, manifestly adapted to their use, and con-
cerning which there can, I think, be no dispute, namely, the regular supply of a mucilage,
more emollient and slippery than oil itself, which is constantly softening and lubricating the
parts that rub upon each other, and thereby diminishing the effect of attrition in the highest
possible degree.  For the continual secretion of this important liniment, and for the feeding
of the cavities of the joint with it, glands are fixed near each joint; the excretory ducts of
which glands dripping with their balsamic contents, hang loose like fringes within the cavity
of the joints. A late improvement in what are called friction-whcels, which consist of a.
mechanism so ordered, as to be regularly dropping oil into a box, which encloses the axis,
the nave, and certain balls upon which the nave revolves, may be said, in some sort, to repre-
sent the contrivance in the animal joint; with this superiority, however, on the part of the
Jjoint, viz. that here, the oil is not only dropped, but made.

In considering the joints, there is nothing, perhaps, which ought to move our gratitude
more than the reflection, kow swell they wear. A limb shall swing upon its hinge, or play in
its socket, many hundred times in an hour, for sixty years together, without diminution of
its agility ; which is a long time for any thing to last, for any thing so much worked and
exercised as the joints are. This durability, I should attribute, in part, to the provision
which is made for the preventing of wear and tear, first, by the polish of the cartilaginous
surfaces ; secondly, by the healing lubrication of the mucilage ; and, in part, to that asto-
nishing property of animal constitutions, assimilation, by which, in every portion of the body,
let it consist of what it will, substance is restored, and waste repaired.

Moveable joints, I think, compose the curiosity of bones; but their union, even where no
motion is intended or wanted, carries marks of mechanism and of mechanical wisdom. The
teeth, especially the front teeth, are one bone fixed in another, like a peg driven into a board.
The sutures of the skull are like the edges of two saws clapped together, in such a manner

as that the teeth of one enter the intervals of the other.

‘We have sometimes one bone lap-

ping over another, and planed down at the edges ; sometimes also the thin lamella of one

bone received into a narrow furrow of another.

In all which varieties, we seem to discover

the same design, viz. firmuess of juncture, without clumsiness in the seam *,

died at Northampton, where he practised as a physician,
ia 1719,

‘The great Cheselden was a later authority, for he lived
tl11752. His work, which had the same title as Keill's,
passed through many editions, and tended materially to
zxise the reputation of its author.

Choselden was certainly the first anatomist of his day,
wuad his opinions are still regarded with reverence by the
professors of medicine; and though his works were
attacked with much asperity by Dr. Douglas and others,
yet the great German physician, Laurencoe Heister, did
ample justico to their merits. The celebrated John Hun-
ter was one of his pupils.—Dr. Rees’ Encyclop. Biog. Brit.

® The ingenuity of mechanics has not devised a joint or
dinge, to which the agatomist cannot point out either a
parallel, or superior example in the animal frame. To
wxhaust this subject, so replete in facts commanding admira.
tion, would occupy a volume : our observations in addition
to those in the text, must therefore be desultory. Of the
wuniversl joint, that which permits motion in every direc-
tion, the hip and the shoulder are examples, the mechanic
spproaches nearest to it in the ball and socket joint. In
wan the moveable bone has a rounded head ; the corres.
pounding hollow is in the supporting bone. Let it be
vemarked that not only is this the most appropriate joint
for attaching the limbs to the trunk, but that it is placed
fu the most advantageous situation. By being at the

upper part of the limbs, the whole of those members par-
take of the same extensive motion. How inelegant, how
swkward, bow restricting the powers of the limbs, if the
hips and shoulders permitted only a forward and backward

whilst the ball and socket joints were at the knees

and elbows; bow much stronger are tho more delicats
joints by not being of that universal mobility. This
proves, then, not only that there is design in the hnman
skeleton, but design, directed by perfect wisdom. It is
found that the joint of the lower jaw always varies in the
most apt accordance with the food of the animal to which
it belongs. In the whalebone whale, which has no teeth,
and whose mouth is employed as a net and strainer for
catching, and separating from the water, the fish upon
which the animal feeds, the joint is very simple, it may
be compared to a piece of leather attaching the jaw to the
basis of the skull. On the contrary, in the sea otter,
living upon shell-fish, great crushing power is required ;
but as no mastication is employed by the animal, any
lateral motion of the jaw would be unnecessary. The
joint is adapted to the purpose, the hinge of the jaw, each
condyle, is locked so fast into the skull, that even after
death, and all the soft parts are removed, the jaw can
scarcely be separated from it : its strength is prodigious. In
the lion, hysena, and others of that class, the joint is like the
last described ; but as they require to open their mouths
more widely, the joint of the jaw has more play. In grami-
nivorous animals, and those which, like man, constantly, or
11y employ , the jaw requires not only
the motion requisite for opening and closing, but a lateral
motion for grinding: the d d is not ded to; but,
to give the power, the condyle must be occasionally moved
out of its natural socket upon an eminence, in which situa-
tion it would be 80 unsteady as readily to admit of disloca~
tion, was there not in all such animals a protecting pro-
vision. There is an elastic substance interposed between the
condyles of the lower jaw and the skull, making a kind of

F
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CHAPTER IX.
OF THE MUSCLES.

MuscLes, with their tendons, are the instruments by which animal motion is performed.
It will be our business to point out instances in which, and properties with respect to which,
the disposition of these muscles is as strictly mechanical, as that of the wires and strings of
a puppet.

I; nge may observe, what I belicve is universal, an exact relation between the joint and
the muscles which move it. Whatever motion the joint, by its mechanical construction, is
capable of performing, that motion, the annexed muscles, by their position, are capable of
producmg For example ; if there be, as at the knee and clbow,a. hinge-joint, capable of
motion only in the same plane, the leaders, as they are called, i. e. the muscular tendons, are-
placed in directions parallel to the bone, so as, by the contraction, or relaxation, of the muscles
to which they belong, to produce that motion and no other. If these joints were capable of
a freer motion, there are no muscles to produce it. Whercas at the shoulder and the hip,
where the ball and socket joint allows, by its construction, of a rotatory or sweeping motion,
tendons are placed in such a position, and pull in such a direction, as to produce the motion
of which the joint admits. For instance, the sartorius or tailor’s muscle, nsmg from the
spine, running diagonally across the thigh, and taking hold of the inside of the main bone of
the leg a little below the knee, enables us, by its contraction, to throw one leg and thigh
over the other; giving effect, at the same time, to the ball and socket joint at the hip, and
the hinge-joint at the knee. There is, as we have seen, a speciﬁc mechanism in the bones,
for the rotatory motions of the head and hands: there is, also, in the oblique direction of
the muscles belonging to them, a specific provision for the putting of this mechanism of the
bones into action. And mark the consent of uscs, the oblique muscles would have been
inefficient without that particular articulation : that particular articulation would have been
lost, without the oblique muscles. It may be proper, however, to observe with respect to the
kead, although I think it docs not vary the case, that its oblique motions and inclinations are
often motions in a diagonal, produced by the joint action of muscles lying in straight direc-
tions. But whether the pull be single or combined, the articulation is always such, as to be
capable of obeying the action of the muscles. The oblique muscles attached to the head, are
likewise so disposcd, as to be capable of steadying the globe, as well as of moving it. The
head of a new-born infant is often obliged to be filleted up. After death, the head drops and
rolls in every direction. So that it is by the equilibre of the muscles, by the aid of a consider-
able and equipollent muscular force in constant exertion, that the head maintains its erect
posture. ‘The muscles here supply what would otherwise be a great defect in the articula-
tion : for the joint in the neck, although admirably adapted to the motion of the head, is
insufficient for its support. It is not only by the means of a most curious structure of the
bones that a man turns his head, but by virtue of an adjusted muscular power, that he even
holds it up.

As another example of what we are illustrating, viz. conformity of use between the bones
and the muscles, it has been observed of the different vertebre, that their processes are exactly
proportioned to the quantity of motion which the other bones allow of, and which the
respective muscles are capable of producing.

II. A muscle acts only by contraction.

Its force is exerted in no other way. When the

double joint; and as tho elastic substance moves alon
with the condyle, to which its concave suiface is wel
adapted, it is carried with it to the eminence, and while
there provides for it a secure resting place. This is very
distinct in man, bat still more so in the elephant. It has
been thought a very ingenious contrivance lately proposed
for a carriage to carry its own rail-road with it : is not this
a3 worthy of admiration ?

Tho beautiful mechanism of the human kneo is detailed

by Paloy. It has a similar structure in most animals

requiring the same varicty of movements. However, in
some swimming birds, as the passage-duck, instead of a
patella, or knee-cap, there is at the joint a process three
inches long, proceeding from the lower bone of the leg.
To the end of this p the les are attached, and
it is easy to see what an _increased power of motion, what
an additional leverage is thus obtained to aid the

of the bird when swimming.—8ee Sir Everard Home's
and Curier's Lectures.
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excrtion ceases, it relaxes itself, that is, it returns by rclaxation to its former state ; but
without energy. This is the naturc of the muscular fibre : and being so, it is evident that
the reciprocal emergetic motion of the limbs, by which we mean motion itk force in oppo-
site directions, can only be produced by the instrumentality of opposite or antagonist muscles ;
of flexors and extensors answering to cach other. For instance, the biceps and brachizus
internus muscles, placed in the front part of the upper arm, by their contraction, bend the
elbow ; and with such degree of force,as the case requires, or the strength admits of. The
relaxation of thesc muscles, after the effort, would mecrely let the fore-arm drop down. For
the back stroke, therefore, and that the arm may not only bend at the elbow, but also extend
and straighten itself with force, other muscles, the longus and brevis brachieeus externus and
the anconzeus, placed on the hinder part of the arms, by their contractile twitch fetch back
the fore-arm into a straight line with the cubit, with no less force than that with which it
was bent out of it. The same thing obtains in all the limbs, and in every moveable part of
the body. A finger is not bent and straightened, without the contraction of two muscles
taking place. It is evident, therefore, that the animal functions require that particular dis-
position of the muscles which we describec by the name of antagonist muscles. And they
are aocordingly so disposed. Every muscle is provided with an adversary. They act, like
two sawyers in a pit, by an opposite pull: and nothing surely can more strongly indicate
design and attention to an end, than their being thus stationed, than this collocation. The
nature of the muscular fibre being what it is, the purposes of the animal could be answered
by no other. And not only the capacity for motion, but the aspect and symmetry of the
body is preserved by the muscles being marshalled according to this order, . g. the mouth is
holden in the middle of the face, and its angles kept in a state of exact correspondency, by
two muscles drawing against, and balancing each other. In a hemiplegia, when the muscle
on one side is weakened, the muscle on the other side draws the mouth awry.

III. Another property of the muscles, which could only be the result of care, is, their
being almost universally so disposed, as not to obstruct or interfere with one another’s action.
I know but one instance in which this impediment is perceived. We cannot easily swallow
vhilst we gape. This, I understand, is owing to the muscles employed in the act of deglu-
tition being so implicated with the muscles of the lower jaw, that whilst these last are con-
tracted, the former cannot act with freedom. The obstruction is, in this instance, attended
with little inconvenience ; but it shews what the effect is where it does exist ; and what loss
of faculty there would be if it were more frequent. Now, when we reflect upon the number

of muscles, not fewer than four hundred and forty-six in the human body, known and named *,
how contiguous they lie to each other, in layers, as it were, over one another, crossing one
wother, sometimes imbedded in one another, sometimes perforating one another : an arrange-

n:‘n, which leaves to each its liberty, and its full play, must necessarily require meditation

counsel.

IV. The following is oftentimes the case with the muscles. Their action is wanted where
their situation would be inconvenient. In which case, the body of the muscle is placed in
tome commodious position at a distance, and made to communicate with the point of action by
tlender strings or wires. If the muscles which move the fingers, had been placed in the palm
o back of the hand, they would have swelled that part to an awkward and clumsy thick-
1w, The beauty, the proportions of the part, would have been destroyed. They are there-
fore disposed in the arm, and even up to the elbow ; and act by long tendons, strapped down
M the wrist, and passing under the ligaments to the fingers, and to the joints of the fingers,
which they are severally to move. In like manner, the muscles which move the toes, and
many of the joints of the foot, how graccfully are they disposed in the calf of the leg,
Wttead of forming an unwieldy tumefaction in the foot itself! The observation may be
Tepested of the muscle which draws the nictitating membrane over the eye. Its office is in
the front of the eye ; but its body is lodged in the back part of the globe, where it lies safc,
ad where it encumbers nothing.

V. The great mechanical variety in the figure of the muscles may be thus stated. It
Ppears“to be' a fixed law, that the contraction of a muscle shall be tewards its centre.

¢ Kcill’s Anatomy, p. 295. ed. 3. 2
F
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Thercfore the subject for mechanism on each oceasion is, so to modify the figure, and adjust
the position of the muscle, as to produce the motion required, agreeably with this law. This
can only be done by giving to different muscles a diversity of configuration, suited to their
several offices, and to their situation with respect to the work which they have to perform.
On which account we find them under a multiplicity of forms and attitudes ; sometimes with
double, sometimes with treble tendons, sometimes with none: sometimes one tendon to
several muscles, at other times one muscle to several tendons. The shape of the organ is
susceptible of an incalculable variety, whilst the original property of the muscle, tho law and
line of its contraction, remains the same, and is simple. Herein the muscular system may
be said to bear a perfect resemblance to our works of art. An artist does not alter the native
quality of his materials, or their laws of action. He takes these as he finds them. His skill
and ingenuity are employed in turning them, such as they are, to his account, by giving to
the parts of his machine a form and relation, in which these unalterable properties may
operate to the production of the effects intended. '

V1. The ejaculations can never too often be repcated ;—how many things must go right
for us to be an hour at ease! how many more for us to be vigorous and active! Yet vigour
and activity are, in a vast plurality of instances, preserved in human bodies, notwithstanding
that they depend upon so great a number of instruments of motion, and notwithstanding that
the defect or disorder sometimes of a very small instrument, of a single pair, for instance, out
of the four hundred and forty-six muscles which are employed, may be attended with grievous
inconveniency. There is piety and good sense in the following observation, taken out of the
Religious Philosopher : ¢ With much compassion,” says this writer, “ as well as astonish-
ment at the goodness of our loving Creator have I considered the sad state of a certain
gentleman, who, as to the rest, was in pretty good health, but only wanted the use of these
two little muscles that serve to lift up the eyelids, and so had almost lost the use of his sight,
being forced, as long as this defect lasted, to shove up his eyelids every moment with his
own hands *!” In general, we may remark, in how small a degree those, who enjoy the
perfect use of their organs, know the comprchensiveness of the blessing, the variety of their
obligation. They perceive a result, but they think little of the multitude of concurrences
and rectitudes which go to form it.

Besides these observations, which belong to the muscular organs as such, we may notice
some advantages of structure which are more conspicuous in muscles of a certain class or
description than in others. Thus:

I. The variety, quickness, and precision, of which muscular motion is capable, are seen, I
think, in no part so remarkably as in the tongue. It is worth any man’s while to watch the
agility of his tongue; the wonderful promptitude with which it cxecutes changes of position,
and the perfect exactness. Each syllable of articulated sound requires for its utterance a
specific action of the tongue, and of the parts adjacent to it. The disposition and configu-
ration of the mouth, appertaining to every letter and word, is not only peculiar, but, if nicely
and accurately attended to, perceptible to the sight; insomuch, that curious persons have
availed themselves of this circumstance to teach the deaf to speak, and to understand what
is said by others. In the same person, and after his habit of speaking is formed, one, and
only one, position of the parts, will produce a given articulate sound correctly. How instan-
taneously are these positions assumed and dismissed ; how numerous are the permutations,
how various, yet how infallible! Arbitrary and antic variety is not the thing we admire;
but variety obeying a rule, conducing to an effect, and commensurate with exigencies infi-
nitely diversified. I believe also that the anatomy of the tongue corresponds with these
observations upon its activity. The muscles of the tongue are so numerous, and so impli-
cated with one another, that they cannot be traced by the nicest dissection; nevertheless
(which is a great perfection of the organ), neither the number, nor the complexity, nor what
might seem to be the entanglement of its fibres, in any wise impede its motion, or render the
determination, or success, of its efforts uncertain.

® « The Religious Philosopher; or the right use of English by John Chamberlayne, esq, F.R.8. 1t has
contemplating the works of the Creator,” was written in  passed throngh several editions.
the Dutch lsnguage, by Dr Nieuwentyt, and translated into
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I here entreat the reader’s permission to step a little out of my way, to consider the parts
of the mouth, in some of their other properties. It has been said, and that by an eminent
physiologist, that whenever nature attempts to work two or more purposes by one instrument,
she does both, or all, imperfectly. Is this true of the tongue, regarded as an instrument of
speech, and of taste; or regarded as an instrument of speech, of taste, and of deglutition ?
80 much otherwise, that many persons, that is to say, nine hundred and ninety-nine persons
out of a thousand, by the instrumentality of this one organ, talk, and taste, and swallow,
very well. In fact, the constant warmth and moisture of the tongue, the thinness of the
skin, the papillee upon its surface, qualify this organ for its office of tasting, as much as its
inextricable multiplicity of fibres do for the rapid movements which are necessary to speech.
Animals which feed upon grass have their tongues covered with a perforated skin, so as to
admit the dissolved food to the papillee underneath, which, in the mean time remain defended
from the rough action of the unbruised spiculs.

There are brought together within the cavity of the mouth more distinct uses, and parts
executing more distinct offices, than I think can be found lying so near to one another, or
within the same compass, in any other portion of the body : viz. teeth of different shape, first
for cutting, secondly for grinding; muscles most artificially disposed for carrying on the
compound motion of the lower jaw, half lateral and half vertical, by which the mill is worked :
fountains of saliva, springing up in different parts of the cavity for the moistening of the
food, whilst the mastication is going on: glands, to feed the fountains ; a muscular construc-
tion of a very peculiar kind in the back part of the cavity, for the guidirfg of the prepared
aliment into its passage towards the stomach, and in many cases for carrying it along that
passage ; for, although we may imagine this to be done simply by the weight of the food
iteelf, it in truth is not so, even in the upright posture of the human neck ; and most evi-
dently is not the case with quadrupeds, with a horse for instance, in which, when pasturing,
the food is thrust upward by muscular strength, instead of descending of its own accord.

In the mean time, and within the same cavity, is going on another business, altogether
different from what is here described,—that of respiration and speech. In addition, therefore,
to all that has been mentioned, we have a passage opened from this cavity to the lungs, for
the admission of air, exclusively of every other substance; we have muscles, some in the
larynx, and without number in the tongue, for the purpose of modulating that air in its

with a variety, a compass, and precision, of which no other musical instrument is

apable. And lastly, which in my opinion crowns the whole as a piece of machinery, we
bave a specific contrivance for dividing the pneumatic part from the mechanical, and for pre-
venting one set of actions interfering with the other. Where various functions are united,
the difficulty is to guard against the inconveniences of a too great complexity. In no appa-
ntus put together by art, and for the purposes of art, do I know such multifarious uses so

ytly combined, as in the natural organization of the human mouth ; or where the structure,

compared with the uses, is so simple. The mouth, with all these intentions to serve, is a

tingle cavity ; is one machine; with its parts neither crowded nor confused, and each unem-

bmsed by the rest : each at liberty in a degree sufficient for the end to be attained. If
we cannot eat and sing at the same moment, we can eat one moment and sing the next : the

Mspination proceeding freely all the while.

There is one case, however, of this double office, and that of the earliest necessity, which the
Nouth alone could not perform ; and that is, carrying on together the two actions of sucking
3 breathing. Another route therefore is opened for the air, namely, through the nose,
which lets the breath pass backward and forward, whilst the lips, in the act of sucking, are
Recomarily shut close upon the body from which the nutriment is drawn. This is a circum-
%aac which always appeared to me worthy of notice. The nose would have been necessary,
‘“"ngh it had not been the organ of smelling. The making it the seat of a sense, was super-

a new use to a part already wanted ; was taking a wise advantage of an antecedent
wd 3 constitutional neoeseity.

B_llt to return to that which is the proper subject of the present section,—the celerity and
Precision of muscular motion. These qualities mnay be particularly observed in the execution
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of many species of instrumental smusic, in which the changes produced by the hand of the
musician are exceedingly rapid ; are exactly measured, even when most minute ; and display,
on the part of the muscles, an obedience of action, alike wonderful for its quickness and its
correctness.

Or let a person only observe his own hand whilst he is toriting ; the number of muscles,
which are brought to bear upon the pen; how the joint and adjusted operation of several
tendons is concerned in every stroke, yet that five hundred such strokes are drawn in a
minute. Not a letter can be turned without more than one, or two, or three tendinous con-
tractions, definite, both as to the choice of the tendon, and as to the space through which the
contraction moves; yet how currently does the work proceed! And when we look at it,
how faithful have the muscles been to their duty, how true to the order which endeavour or
habit hath inculcated ! For let it be remembered, that whilst a man’s hand-writing is the
same, an exactitude of order is preserved, whether he write well or ill. These two instances
of music and writing, shew not only the quickness and precision of muscular action, but the
docility.

I1. Regarding the particular configuration of muscles, spAincter, or circular muscles, appear
to me admirable pieces of mechanism. It is the muscular power most happily applied ; the
same quality of the muscular substance, but under a new modification. The circular dispo-
sition of the fibres is strictly mechanical ; but, though the most mechanical, is not the only
thing in sphincters which deserves our notice. The regulated degree of contractile foroe with
which they are endowed, sufficient for retention, yet vincible when requisite, together with
their ordinary state of actual contraction, by means of which their dependence upon the will
is not constant, but occasional, gives to them a constitution, of which the conveniency is ines-
timable. This, their semi-voluntary character, is exactly such as suits with the wants and
functions of the animal.

II1. We may also, upon the subject of muscles, observe, that many of our most important
actions are achieved by the combined help of different muscles. Frequently, a diagonal
motion is produced by the contraction of tendons pulling in the direction of the sides of the
parallelogram. This is the case, as hath been already noticed, with some of the oblique
nutations of the head. Sometimes the number of co-operating muscles is very great.
Dr. Nieuentyt, in the Leipsic Transactions, reckons up a hundred muscles that are employed
every time we breathe; yet we take in, or let out, our breath, without reflecting what a
work is thereby performed ; what an apparatus is laid in of instruments for the service, and
how many such contribute their assistance to the effect. Breathing with ease, is a blessing
of every moment : yet, of all others, it is that which we possess with the least consciousnesa.
A man in an asthma is the only man who knows how to estimate it.

IV. Mr. Home has observed *, that the most important and the most delicate actions are
performed in the body by the smallest muscles; and he mentions, as his examples, the
muscles which have been discovered in the iris of the eye, and tho drum of the ear. The
tenuity of these muscles is astonishing. They are microscopic hairs ; must be magnified to
be visible ; yet are they real, effective muscles: and not only such, but the grandest and
most precious of our faculties, sight and hearing, depend upon their health and action.

V. The muscles act in the limbs with what is called a mechanical disadvantage. The
muscle at the shoulder, by which the arm is raised, is fixed nearly in the same manner as the
load is fixed upon a steelyard, within a few decimals, we will say, of an inch from the centre
upon which the steelyard turns. In this situation, we find that a very heavy draught is no
more than sufficient to countervail the force of a small lead plummet, placed upon the long
arm of the steelyard, at the distance of perhaps fifteen or twenty inches from the centre and
on the other side of it. And this is the disadvantage which is meant. And an absolute dis-
advantage, no doubt, it would be, if the object were to spare the force of muscular contrac-
tion. But observe how conducive is this constitution to animal conveniency. Mechanism
has always in view one or other of these two purposes ; cither to move a great weight slowly,
and through a small space, or to move a light weight rapidly, through a considerable sweep.
For the former of these purposes, a different species of lever, and a different collocation of the

* Phil. Trans. part i 1800, p. 8
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muscles, might be better than the present; but for the second, the present structure is the
true one. Now it happens that the second, and not the first, is that which the occasions
of animal life principally call for. In what concerns the human body, it is of much more
consequence to any man to be able to carry his hand to his head with due expedition, than
it would be to have the power of raising from the ground a heavier load (of two or three
more hundred weight, we will suppose), than he can lift at present. This last is a faculty,
which, on some extraordinary occasions, he may desire to possess ; but the other is what he
wants.and uses every hour or minute. In like manner, a husbandman or a gardener will do
more execution, by being able to carry his scythe, his rake, or his flail, with a sufficient dis-
patch through a sufficient space, than if, with greater strength, his motions were proportion-
ably more confined, and slow. It is the same with a mechanic in the use of his tools. It is
the same also with other animals in the use of their limbs. In general, the. vivacity of their
motions would be ill exchanged for greater force under a clumsier structure.

We have offered our observations upon the structure of muscles in general; we have
also noticed certain species of muscles; but there are also single muscles, which bear marks
of mechanical contrivance, appropriate as well as particular. Out of many instances of this
kind, we select the following.

I. Of muscular actions, even of those which are well understood, some of the most curious
are incapable of popular explanation ; at least, without the aid of plates and figures. This
is in a great measure the case, with a very familiar, but, at the same time, a very compli- -
cated motion,—that of the lower jaw ; and with the muscular structure by which it is pro-
duced. One of the muscles concerned may, however, be described in such a manner, as to
be, I think, sufficiently comprehended for our present purpose. The problem is to pull the
lower jaw down. The obvious method should seem to be, to place a straight muscle, viz. to
fix a string from the chin to the breast, the contraction of which would open the mouth,
and produce the motion required at once. But it is evident that the form and liberty of the
neck forbid a muscle being laid in such a position ; and that, consistently with the preserva-
tion of this form, the motion, which we want, must be effectuated by some muscular mecha-
nism disposed farther back in the jaw. The mechanism adopted is as follows. A certain
muscle called the diagastric, rises on the side of the face, considerably above the insertion of
the lower jaw, and comes down, being converted in its progress into a round tendon. Now
it is manifest that the tendon, whilst it pursues a direction descending towards the jaw, must,
by its contraction, pull the jaw up, instead of down. What then was to be done ? This, wo
find, is done : the descending tendon, when it is got low enough, is passed through a loop, or

ring, or pulley, in the o8 hyoides, and then made to ascend ; and, having thus changed its line
of direction, is inserted into the inner part of the chin: by which device, viz. the turn at the
loop, the action of the muscle (which in all muscles is contraction) that before would have
puled the jaw up, now as necessarily draws it down. ¢ The mouth,” says Heister, * is
opened by means of this trochlea in a most wonderful and clegant manner.”

II. What contrivance can be more mechanical than the following, viz. a slit in one tendon
tolet another tendon pass through it? This structure is found in the tendons which move
the toes and fingers. The long tendon, as it is called, in the foot, which bends the first joint
of the toe, passes tArough the short tendon which bends the second joint ; which course allows
to the sinew more liberty, and a more commodious action than it would otherwise have been
apable of exerting *. There is nothing, I believe, in a silk or cotton mill, in the belts, or
straps, or ropes, by which motion is communicated from one part of the machine to another,
that is more artificial, or more cvidently so, than this perforation.

M. The next circumstance which I shall mention under this head of muscular arrange-
Ment, is so decisive a mark of intention, that it always appeared to me to supersede, in
%me measure, the necessity of seeking for any other observation upon the subject : and that
Qrcumstance is, the tendons which pass from the leg to the foot, being bound down by a
ligment at the ankle. The foot is placed at a considerable angle with the leg. It is
Masifest, therefore, that the flexible strings, passing along the interior of the angle, if left to

ves, would, when stretched, start from it. The obvious preventive is to tie them

* Ches. Anat. p. 119.
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down. And this is done in fact. Across the instep, or rather just above it, the anatomist
finds a strong ligament, under which the tendons pass to the foot. The effect of the liga-
ment as a bandage, can be made evident to the senses ; forif it be cut, the tendons start up.
The simplicity, yet the clearness of this contrivance, its exact resemblance to established re-
sources of art, place it amongst the most indubitable manifestations of design with which
we are acquainted.

There is also a farther use to be made of the present example, and that is, as it precisely
contradicts the opinion, that the parts of animals may have been all formed by what is
called appetency, i. e. endeavour, perpetuated, and imperceptibly working its effect, through
an incalculable series of generations. 'We have here no endeavour, but the reverse of it; a
constant renitency and reluctance. The endeavour is all the other way. The pressure of
the ligament constrains the tendons; the tendoms react upon the pressure of the ligament.
It is impossible that the ligament should ever have been generated by the exercise of the
tendon, or in the course of that exercise, forasmuch as the force of the tendon perpendicu-
larly resista the fibre which confines it, and is constantly endeavouring, not to form, but ta
rupture and displace, the threads of which the ligament is composed.
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Keill has reckoned up, in the human body, four hundred and forty six muscles, dissectible
and describable ; and hath assigned a use to every one of the number. This cannot be all
imagination.

Bishop Wilkins hath observed from Galen, that there are, at least, ten several qualifica-
tious to be attended to in each particular muscle ; viz. its proper figure ; its just magnitude ;
its fulcrum ; its point of action, supposing the figure to be fixed ; its collocation, with re-
spect to its two ends, the upper and the lower ; the place; the position of the whole muscle ;
the introduction into it of nerves, arteries, veins. How are things, including so many ad-
justments, to be made; or, when made, how are they to be put together, without intelli-

ce ?

I have sometimes wondered, why we are not struck with mechanism in animal bodies, as
readily and as strongly as we are struck with it, at first sight, in a watch or a mill. One
venson of the difference may be, that animal bodies are, in a great measure, made up of soft,
flabby substances, such as muscles and membranes ; whereas we have been accustomed to
trace mechanism in sharp lines, in the configuration of hard materials, in the moulding,
chiseling, and filing into shapes, of such articles as metals or wood. There is something
therefare of habit in the case; but it is sufficiently evident, that there can be no proper
reason for any distinction of the sort. Mechanism may be displayed in the one kind of
substance, as well as in the other.

Although the few instances we have selected, even as they stand in our description, are
nothing short perhaps of logical proofs of design, yet it must not be forgotten, that in every
part of anatomy, description is a poor substitute for inspection. It is well said of an able
anatomist®, and said in reference to the very part of the subject which we have been treat-
ing of :—“ Imperfecta heec musculorum descriptio, non minus arida est legentibus, quim
inspectantibus fuerit jucunda corundem praparatio. Elegantissima enim mechanicés arti-
ficia, creberrimé in illis obvia, verbis nonnisi obscuré exprimuntur: carnium autem ductu,
tendinum colore, insertionum proportione, et trochlearium distributione, oculis exposita,
omnem superant admirationem+.”

® Steno, in Blas. Anat. Animal. p. 2, c. 4.

4 (*¢ This description of the muscles is imperfect, being
not less uninteresting to those reading it, than the prepa-
ration of the same parts was satisfactory to those inspect

A few more phenomena of the construction and action
of the musclcs, than have been noticed by our author,
scem well worthy of observation. The most important

lar structure in the | frame is the heart. If

ing them. For their futricate mechanisms are most ele-
gant, and, though very often remarkably apparent, they
are obscurely deseribed in words: thus the form of the
fleshy parts, the colour of the tendons, the proportion of
the insertions, and the distribution of the joints, when
oxposcd to the eye, arc superior to any praisc.”)

its ventricles are superficially examined, the muscular
fibres by which they are united soem to belong equally to
both. But this is not so, for the septum is almost en-
tirely a portion of the left ventricle, giving it a great supe-
riority of strength over the right, and consequently fitting
it for its offico of propelling the blood through the arterice.
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CHAPTER X.

OF THE VESSELS OF ANIMAL BODIES.

Tae circulation of the blood, through the bodies of men and quadrupeds, and the appa-
natus by which it is carried on, compose a system, and testify a contrivance, perhaps the

best understood of any part of the animal frame.

The lymphatic system, or the nervous

system, may be more subtle and intricate ; nay, it is possible that in their structure they
may be even more artificial than the sanguiferous; but we do not know so much about

them®.

The utility of the circulation of the blood, I assume as an acknowledged point. One
grand purpose is plainly answered by it; the distributing to every part, every extremity,
every nook and corner of the body, the nourishment which is received into it by one aper-
ture. What enters at the mouth, finds its way to the fingers’ ends. A more difficult
mechanical problem could hardly I think be proposed, than to discover a method of con-

Itisimpossible to make the peculiar arrangement of its
mucalar fibres understood by an unprofessional reader
vithout drawinge, and a lengthened description. We
must be content, therefore, merely to quote Sir Everard
Home's concluding observations :—¢ By this beautiful
mechanism, the muecular fibres of the left ventricle per-
form their office with a smaller quantity of contraction,
compared to their length (although in themselves propor-
tionally longer) than those of any other muscle in the
body, and quently prod ag effect in a
shorter time. By this disposition of the fibres, an ad-
vantage is gained over every other arrangement, and adapt-
ing the ventricle so perfectly to its office, that it would
sppear almost impossible to construct it in any other way,
% u to answer the purpose for which it is intended.”

The rapidity of muscular motion is among one of the
fratest wonders of the animal frame. In the race horse,
when going with its greatcst speed, each leg must move in
the yth part of a second. When a man is rapidly run-
g, the rectus femoris in the leg is shortened three inches
vy yyths of a second.  But the quickest movements
are of the tongue in speaking. Haller pronounced 1500

in a minute, therefore each muscular contraction to
efect this must, on an average, occupy no more than the
dysth of a minute; and still less time in such letters as
R, which require repeated ions of the same muscle.
If the tremors occurring in its pronunciation are ten, the

y muscles must contract in the yydnsth of a
Ditate, or in § of a third. Pigeons have performed
distances 3o rapidly, that an agitation of their wings must
kare boen made in the rth of a third.  (Haller's Elem.
Phyiiolog. iv. 483.)

The accuracy with which the muscles regulate motion
W sdmirable as the rapidity with which they effect it.
Tn producing the several musical notes by minute changes
0 the smal] aperture of the glottis, or in balancing the
body on the tight or slack rope, the muscles of the singer
wd the dancer mast with an y which
demunds that there shall not be an error in the admeasure-
Went oqual to the ypympth part of an inch. (Barclay's
Muscnlar Motions of the Human Body, 299).

The muscles capable of such rapid, and yet such accu-
e metions, are not thereby dissbled to exert extreme
Power. A weight of 300 pounds has been elevated by
the lower jaw ; and Topham lifted with his mouth a table
tiz et lomg, with 50 pounds attached to the furthest ex-
Uremity, (Haller’s Elem. Phys. xi. s, 2.)

® Though the circulation of the blood, as our author
states, is among the best understood phenomena of the
animal economy, yet it is of comparatively modern disco-
very. To our countryman, Dr William Harvey, man-
kind is indebted for its d t It was & discovery
that advanced our knowledge of the animal economy more
in one day than it had been during many preceding ages.
All the disputcs ahout pllebotomy, some of which ran very
high, especially in the early part of the 15th century ; all
the theories of the ancients relating to the subject were
exposed in all their error by this single demonstrution.
% The circulation of the blood, and the ductus thoraci-
cus,” exclaimed the delighted Gasseridus, * are the two
poles upon which all physic for the future must turn.”
It is one of the few discoveries which, being demonstrated
by unvarying experiments, was at once forced into belief,
and acquired unbounded fame to the discoverer. As the
fact cannot be confuted, or its importance be diminished,
the only mode of lessening Harvey’s merit is to deny the
originality of the discovery. It is to be regretted, that
even so great & man as Dr William Hunter is among the
number of his detractors. A plain statement of truths
will put the subject in its just position. Hippocrates,
Aristotle, Plato, Apuleius, the Alexandrian anatomists,
and others, have been cited as cognisant of the blood’s
circulation, but these declare in their writings, that they
believed the blood to ebb and flow like the ocean’s tides;
and that the blood is confined to the veins, whilst the
arteries mercly contain air. Galen denied that the latter
did not contain blood, but he was as ignorant as his pre-
d s of its circulati Servetus subsequently was
aware that the blood passed through the lunge; and Fa-
bricius ab Aquapendente, the tutor of Harvey, demon-
strated the valves of the veins; but it was this his pupil
who first discovered, or even guessed, that the blood flows
from the heart through the arteries, and returns to it
through the veins. Some have declared that this circu-
lation was known to St Ambrose ; and others, from Eccle-
siastes xii. 6, that Solomon had this knowledge among his
other stores of wisdom. These, at the utmost, noticed
that the blood moved in living creatures, a fact which
every child must bave observed. When the course of the
motion came to be described, we have seen nothing was
offered but erroncous surmises. Harvey’s discovery was
the legitimate result of anatomical research,—a discovery
which has been further illustrated, but which has not
been, cannot be, changed.
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stantly repairing the waste, and of supplying an accession of substance to every part of a
complicated machine, at the same time.

This system presents itself under two views : first, the disposition of the blood-vessels,
i. e. the laying of the pipes ; and, secondly, the construction of the engine at the centre, viz.
the heart, for driving the blood through them.

I. The disposition of the blood-vesscls, as far as regards the supply of the body, is like
that of the water-pipes in a city, viz. large and main trunks branching off by smaller pipes
(and these again by still narrower tubes) in every direction, and towards every part in
“which the fluid, which they convey, can be wanted. So far the water-pipes which serve a

"town may represent the veseels which carry the blood from the heart. But there is another
thing necessary to the blood, which is not wanted for the water ; and that is, the i
of it back again to its source. For this office, a reversed system of vessels is pm
-which, uniting at their extremities with the extremities of the first system, collects the
divided and subdivided streamlets, first by capillary ramifications into larger branches,
secondly, by these branches into trunks; and thus returns the blood (almost exactly invert-
ing the order in which it went out) to the fountain whence its motion proceeded. All
which is evident mechanism.

The body, therefore, contains two systems of blood-vessels, arteries and veins. Between
the constitution of the systems there are also two differences, suited to the functions which
the systems have to execute. The blood, in going out, passing always from wider into
narrower tubes ; and, in coming back, from narrower into wider; it is evident, that the
impulse and pressure upon the sides of the blood-vessel, will be much greater in one case
than the other. Accordingly, the arteries which carry out the blood, are formed of much
tougher and stronger coats, than the veins which bring it back. That is one difference :
the other is still more artificial, or, if I may so speak, indicates, still more clearly, the care
and anxiety of the artificer. Forasmuch as in the arteries, by reason of the greater force
with which the blood is urged along them, a wound or rupture would be more dangerous
than in the veins, these vessels are defended from injury, not only by their texture, but by
their situation ; and by every advantage of situation which can be given to them. They
are buried in sinuses, or they creep along grooves, made for them in the bones : for instance,
the under-edge of the ribs is sloped and furrowed solely for the passage of these vessels.
Sometimes they proceed in channels, protected by stout parapets on each side; which last
description is remarkable in the bones of the fingers, these being hollowed out, on the under-
side, like a scoop, and with such a concavity, that the finger may be cut across to the bone,
without hurting the artery which runs along it. At other times, the arteries pass in canals
wrought in the substance, and in the very middle of the substance, of the bone: this takes
place in the lower jaw ; and is found where there would, otherwise, be danger of compres-
sion by sudden curvature. All this care is wonderful, yet not more than what the import-
ance of the case required. To those who venture their lives in a ship, it has been often
said, that there is only an inch-board between them and death; but in the body itself, espe-
cially in the arterial system, there is, in many parts, only a membrane, a skin, a thread.
For which reason, this system lies deep under the integuments ; whereas the veins, in which
the mischief that ensues from injuring the coats is much less, lie in general above the arte-
ries ; come nearer to the surface ; are more exposed.

It may be farther observed concerning the two systems taken together, that though the
arterial, with its trunk and branches and small twigs, may be imagined to issue or proceed ;
in other words, to grow from the heart; like a plant from its root, or the fibres of a leaf
from its foot-stalk (which, however, were it so, would be only to resolve one mechanism
into another) ; yet the venal, the returning system, can never be formed in this manner.
The arteries might go on shooting out from their extremities, 1. ¢. lengthening and subdivid-
ing indefinitely ; but an inverted system, continually uniting its strcams, instead of dividing,
and thus carrying back what the other system carried out, could not be referred to the same
process.

II. The next thing to be considered is the engine which works this machinery, viz. the
‘heart. For our purpose it is unnecessary to ascertain the principle upon which the heart
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acts. Whether it Le irritation excited by-the contact of the blood, by the influx of the
servous fluid, or whatever else be the cause of its motion, it is something which is capable
of producing, in a living muscular fibre, reciprocal contraction and relaxation. This is the
power we have to work with : and the inquiry is, how this power is applied in the instance
before us. There is provided, in the central part of the body, a hollow muscle, invested with
spiral fibres, running in both directions, the layers intersecting one another ; in some animals,
however, appearing to be semicircular rather than spiral. By the contraction of these fibres,
the sides of the muscular cavities are necessarily squeezed together, so as to force out from
. them any fluid which they may at that time contain : by the relaxation of the same fibres,
the cavities are in their turn dilated, and, of course, prepared to admit every fluid which may
be poured into them. Into these cavities are inserted the great trunks, both of the arteries
which carry out the blood, and of the veins which bring it back. This is a general account
of the apparatus ; and the simplest idea of its action is, that, by each contraction, a portion
of blood is forced by a syringe into the arteries; and, at each dilatation, an equal portion is
received from the veins. This produces, at each pulse, a motion, and change in the mass of
blood, to she amount of what the cavity contains, which in a full grown human heart I
understand is about an ounce, or two table-spoons full. How quickly these changes succeed
one another, and by this succession how sufficient they are to support a stream or circulation
throughout the system, may be understood by the following computation, abridged from
Keill's Anatomy, p. 117, ed. 3: * Each ventricle will at least contain one ounce of blood.
The heart contracts four thousand times in one hour ; from which it follows, that there pass
through the heart, every hour, four thousand ounces, or three hundred and fifty pounds of
blood. Now the whole mass of blood is said to be about twenty-five pounds; so that a
quantity of blood, equal to the whole mass of blood, passes through the heart fourteen times
in one hour; which is about once in four minutes.” Consider what an affair this is, when
we come to very large animals. The adrta of a whale is larger in the bore than the main
pipe of the waterworks at London-Bridge; and the water roaring in its passage through
that pipe is inferior, in impetus and velocity, to the blood gushing from the whale's heart.
Hear Dr. Hunter's account of the dissection of a whale :—* The atrta measured a foot
diameter. Ten or fifteen gallons of blood are thown out of the heart at a stroke with an
immense velocity, through a tube of a foot diameter. The whole idea fills the mind with
wonder*.”

The account which we have here stated, of the injection of blood into the arteries by the
contraction, and of the corresponding reception of it from the veins by the dilatation of the
cavities of the heart, and of the circulation being thereby maintained through the blood-
vemels of the body, is true, but imperfect. The heart performs this office, but it is in con-
junction with another of equal curiosity and importance. It was necessary that the blood
should be successively brought into contact, or contiguity, or proximity with the air. I do

ot know that the chymical reason, upon which this necessity is founded, has been yet
nfficiently explored. It seems to be made appear, that the atmosphere which we breathe
2 mixture of two kinds of air ; one pure and vital, the other, for the purposes of life, effete,
fonl, and noxious ; that when we have drawn in our breath, the blood in the lungs imbibes
from the air, thus brought into a contiguity with it, a portion of its pure ingredient, and at
the same time gives out the effete or corrupt air which it contained, and which is carried
wmy, along with the halitus, every time we expire. At least, by comparing the air which
Bbreathed from the lungs, with the air that enters the lungs, it is found to have lost some
of its pure part, and to have brought away with it an addition of its impure part. Whether
“}i_ﬁ experiments satisfy the question, as to the need which the blood stands in of Leing
Viated by continual accesses of air, is not for us to enquire into, nor material to our argument :
1t is sufficient to know, that, in the constitution of most animals, such a necessity exists, and

the air, by some means or other, must be introduced into a near communication with
the blood. The lungs of animals are constructed for this purpose. They consist of blood-
Vemels and air-vessels, lying close to each other; and whenever there is a branch of the

* Dr. Hunter’s Account of the Dissection of a Whale, (Phil. Traus.)
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trachea or windpipe, there is a branch accompanying it of the vein and artery, and the air-
veasel is always in the middle between the blood-vessels *. The internal surface of these
vessels, upon which the application of the air to the blood depends, would, if collected and
expanded, be, in a man, equal to a superficies of fifteen feet square. Now, in order to give
the blood in its course the benefit of this organization (and this is the part of the sabject
with which we are chiefly concerned), the following operation takes place. As soon as the
blood is received by the heart from the veins of the body, and before that is sent out again
into its arteries, it is carried, by the force of the contraction of the heart, and by means of a
separate and supplementary artery, to the lungs, and made to enter the vessels of the lungs ;
from which, after it has undergone the action, whatever it be, of that viscus, it is brought
back by a large vein once more to the heart, in order, when thus concocted and prepared, to
be thence distributed anew into the system. This assigns to the heart a double office. The
pulmonary circulation is a system within a system ; and one action of the heart is the origin
of both.

For this complicated function, four cavities become necessary ; and four are accordingly
provided : two, called ventricles, which send out the blood, viz. one into the lungs, in the
first instance; the other into the mass, after it has returned from the lungs ; two others also,
called auricles, which raceivs the blood from the veins; viz. one, as it comes immediately
from the body ;. the other, as the same blood comes a second time after its circulation through
the lungs. 8o that there are two receiving cavities, and two forcing cavities. The structure
of the heart has reference to the lungs; for without the lungs, one of each would have been
sufficient. The translation of the blood in the heart itself is after this manner. The receiving
cavities respectively communicate with the forcing cavities, and, by their contraction, unload
the received blood into them. The forcing eavities, when it is their turn to contract, compel
the same blood into the mouths of the arteriest-.

The account here given will not convey to a reader, ignorant of anatomy, any thing like
an accurate notion of the form, action, or use, of the parts (nor can any short and popular
account do this) ; but it is abundantly sufficient to testify contrivance; and although imper-
fect, being true as far as it goes, may be relied upon for the only purpose for which we offer
it, the purpose of this conclusion.

“The wisdom of the Creator,” saith Hamburgher, “is in nothing seen more gloriously
than in the heart.” And how well doth it execute its office! An anatomist, who understood
the structure of the heart, might say beforeband that it would play; but he would expect,
I think, from the complexity of its mechanism, and the delicacy of many of its parts, that
it should always be liable to derangement, or that it would soon work itself out. - Yet shall
this wonderful machine go, night and day, for eighty years together, at the rate of a hundred
thousand strokes every twenty-four hours, having, at every stroke, a great resistance ta
overcome ; and shall continue this action for this length of time, without disorder, and
without weariness } |

® Keill's Anatomy, p. 121.

+ The doubts of Paley as to the then chemical expla-
nations of the action of the atmospheric air upon the blood
being founded in truth, time has not yet removed. The
ablest Philosophers since his days, such as Davy, Black,
Lavoisier, and others, have examined the question with a

by no com withthe talentemployed.

But although much yet remains that is unexplained,
much that is mysterious, yet many discoveries have been
made, demonstrating how well all animals are adapted to
the atmosphere in which they dwell; that none can exist
in air devoid of oxygen gas; and that, if this is by any pro-
cess removed, even worms perish, which are perhaps more
retentive of life than any other animals. Frogs and fish,
of all kinds, do the same.

It has been found, too, that the proportion of vital
air present in the atmosphere, is precisely that which is
best adapted to their exi ; for if by any means the
proportion is diminished or increased, the animal becomes
uneasy, or perishes.

It was once considered certain, from the researches of
Dr. Crawford, that even animal warmth was owing to the
action of the atmosphere on the blood, as it passed through
the lunge. And this is probably the case, although some
more recent experiments of Dr. Davy and others have
rendered it doubtful. ¢ The fact,” says Dr. Thomson,
“ that all animals which respire regularly are hot blooded,
while amphibious animals and ﬁuhel _are cold bloodll.
seems to me to establish a ation
and heat ; though, we aro unable to explain in what way
the heat is evolved.”

In spito of all these mysteries, the chemist ean still
see how well all animals are sdapted to the medium in
which they dwell, he is the first to be convinced that not &
particle of matter was created in vain ; but that every atom
of air has its use, and isin turn employed with s regularity
and harmony which amply betrays the skill of the artist.
Thomson's Chem., Vol. 4, p. 620, Phil. Trans., 1813, 378.

¢ Sir E. Home, examining the anatomical structure of
the great shark (Squalus maximus), found the heart very
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But farther: from the account which has been given of the mechanism of the heart, it is
evident that it must require the interposition of valves ; that the success, indeed, of its action
must depend upon these ; for when any one of its cavities contracts, the necessary tendency
of the force will be to d.nve the enclosed blood, not only into the mouth of the artery where

it ought to go, but also back again into the mouth of the vein from which it flowed. In
like manner, when by the relaxation of the fibres the same cavity is dilated, the blood would
not only run into it from the vein, which was the course intended, but back from the artery,
through which it ought to be moving forward. The way of preventing a reflux of the fluid,
in both these cases, is to fix valves, which, like flood-gates, may open a way to the stream
in one direction, and shut up the passage against it in another. The heart, constituted as it
is, can no more work without valves, than a pump can. When the piston descends in a
pump, if it were not for the stoppage by the valve beneath, the motion would only thrust
down the water which it had before drawn up. A similar consequence would frustrate the
action of the heart. Valves, therefore, properly disposed, . . properly with respect to the
course of the blood which it is necessary to promote, are essential to the contrivance. And
walves 30 disposed, are accordingly provided. A valve is placed in the communication between
each auricle and its ventricle, lest, when the ventricle contracts, part of the blood should get
back again into the auricle, instead of the whole entering, as it ought to do, the mouth of
the axtery. A valve is also fixed at the mouth of each of the great arteries which take the
blood from the heart; leaving the passage free, so long as the blood holds its proper course
forward ; closing it, whenever the blood, in consequence of the relaxation of the ventricle,
wwould attempt to flow back. There is some variety in the construction of these valves,
though all the valves of the body act nearly upon the same principle, and are destined to the
same use- In general they consist of a thin membrane, lying close to the side of the vessel,
and consequently allowing an open passage whilst the stream runs one way, but thrust out
from the side by the fluid getting behind it, and opposing the passage of the blood, when it
would flow the other way. Where more than one membrane is employed, the different
membranes only compose one valve. Their joint action fulfils the office of a valve: for
instance ; over the entrance of the right auricle of the heart into the right ventricle, three of
these skins or membranes are fixed, of a triangular figure, the bases of the triangles fastened to
the flesh ; the sides and summits loose ; but, though loose, connected by threads of a determinate
lngth, with certain small fleshy prominences adjoining. The effect of this construction is,
that, when the ventricle contracts, the blood endeavouring to escape in all directions, and
amonget other directions pressing upwards, gets between these membranes and the sides of
the passage ; and thereby forces them up into such a position, as that, together, they con-
ditute, when raised, a hollow cone (the strings, before spoken of, hindering them from
proceeding or separating farther) ; which cone, entirely occupying the passage, prevents the
return of the blood into the auricle. A shorter account of the matter may be this: so long
as the blood proceeds in its proper course, the membranes which compose the valve are
pressed close to the side of the vessel, and occasion no impediment to the circulation: when
the blood would regurgitate, they are raised from the side of the vessel, and, meeting in the
middle of its cavity, shut up the channel. Can any one doubt of contrivance here; or is it
possible to shut our eyes against the proof of it 2
This valve, also, is not more curious in its structure, than it is important in its office.
Upon the play of the valve, even upon the proportioned length of the strings or fibres which
check the ascent of the membranes, depends, as it should seem, nothing less than the life
itself of the animal. We may here likewise repeat, what we before observed concerning
some of the ligaments of the body, that they could not be formed by any action of the parts
themgelves. There axe cases in which, although good uses appear to arise from the shape or
configurstion of a part, yet that shape or configuration itself may seem to be produced by

povesfally muscalar; counected with its valves is & This is what every mechanist does daily in the construe-
pecaliar muscle, which he considered was intended to tion of his engines: he adapts their power and substance
hpl the blead miore powerfully through the gills when to the work they are required to perform. This is the
the safmal is in great depths, and the weight of water result of reason and foresight; but the logic of atheism
congaquently inspedes its circulation. (Phil. Trans.,1813). declares the shark’s heart to be the work of chance.
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the action of the part, or by the action or pressure of adjoining parts. Thus the bend and
the internal smooth concavity of the ribs may be attributed to the equal pressure of the soft:
bowels ; the particular shape of some bones and joints, to the traction of the annexed muscles,
or to the position of contiguous muscles. But valves conld not be so formed. Action and:
pressure are all against them. The blood, in its proper course, has no tendency to produce
such things; and in its improper or reflected current, has a tendency to prevent their-
production. Whilst we see, therefore, the use and necessity of this machinery, we can look
to no other account of its origin or formation than the intending mind of a Creator. Nor
can we without admiration reflect, that such thin membranes, such weak and tender instru-
ments a8 these valves are, should be able to hold out for seventy or eighty years.

Here also we cannot consider but with gratitude, how happy it is that our vital motions
are involuntary. We should have enough to do, if we had to keep our hearts beating, and
our stomachs at work. Did these things depend, we will not say upon our effort, but upon
our bidding, our care, or our attention, they would leave us leisure for nothing else. We
must have been continually upon the watch, and continually in fear ; nor would this consti-
tution have allowed of sleep.

It might perhaps be expected, that an organ so precious, of such central and primary
importance as the heart is, should be defended by @ case. The fact is, that a membranous
purse or bag, made of strong, tough materials, is provided for it; holding the heart within
its cavity ; sitting looscly and easily about it; guarding its substance, without confining its
motion ; and containing likewise a spoonful or two of water, just sufficient to keep the sur-
face of the heart in a state of suppleness and moisture. How should such a loose covering
be generated by the action of the heart? Does not the enclosing of it in a sack, answering
no other purpose but that enclosure, shew the care that has been taken of its preservation ?

One use of the circulation of the blood probably (amongst other uses) is, to distribute
nourishment to the different parts of the body. How minute and multiplied the ramifi-
cations of the blood-vessels, for that purpose, are ; and how thickly spread, over at least the
superficies of the body, is proved by the single observation, that we cannot prick the point
of a pin into the flesh without drawing blood, ¢. e. without finding a blood-vessel. Nor,
internally is their diffusion less universal. Blood-vessels run along the surface of membranes,
pervade the substance of muscles, penetrate the bones. Even into every tooth, we trace,
through a small hole in the root, an artery to feed the bone, as well as a vein to bring back
the spare blood from it ; both which, with the addition of -an accompanying nerve, form a
thread only a little thicker than a horse-hair.

‘Wherefore, when the nourishment taken in at the mouth has once reached, and mixed
itself with, the blood, every part of the body is in the way of being supplied with it. And
this introduces another grand topic, namely, the manner in which the aliment gets into the
blood ; which is a subject distinct from the preceding, and brings us to the consideration of
another entire system of vessels.

I1. For this necessary part of the animal economy, an apparatus is provided, in a great
measure capable of being, what anatomists call, demonstrated, that is, shewn in the dead
body ;—and a line or course of conveyance, which we can pursue by our examinations.

First, The food descends by a wide passage into the intestines, undergoing two great
preparations on its way: one, in the mouth by mastication and moisture,—(can it be
doubted with what design the teeth were placed in the road to the stoma.ch, or that there
was choice in fixing them in this situation?) the other, by digestion in the stomach itself.
Of this last surprising dissolution I say nothing; because it is chymistry, and I am endeavouring
to display mechanism. The figure and position of the stomach (I speak all along with
a reference to the human organ) are calculated for detaining the food long enough for the
action of its digestive juice. It has the shape of the pouch of a bag-pipe; lies across the
body ; and the pylorus, or passage by which the food leaves it, is somewhat higher in the
body than the cardia, or orifice by which it enters ; so that it is by the contraction of the
muscular coat of the stomach, that the contents, after having undergone the application of
the gastric menstruum, are gradually pressed out. In dogs and cats, this action of the coats
of the stomach has been displayed to the eye. It is a slow and gentle undulation, propa-
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gated from one orifice of the stomach to the other. For the same reason that I omitted, for
the present, offering any observation upon the digestive fluid, I shall say nothing concerning
the bile or the pancreatic juice, farther than to observe upon the mechanism, viz. that from
the glands in which these secretions are claborated, pipes are laid into the first of the intes-
tines, through which pipes the product of each gland flows into that bowel, and is there
mixed with the aliment, as soon almost as it passes the stomach ; adding also as a remark,
how grievously this same bile offends the stomach itself, yet cherishes the vessel that lies
next to it.

Secondly, We have now the aliment in the intestines, converted into pulp; and though
lately consisting of ten different viands, reduced to nearly a uniform substance, and to a state
fitted for yielding its essence, which is called chyle, but which is milk, or more nearly resem-
bling milk than any other liquor with which it can be compared. For the straining off this
fluid from the digested aliment in the course of its long progress through the body, myriads
of capillary tubes, 1. e. pipes as small as hairs, open their orifices into the cavity of every part
of the intestines. These tubes, which are so fine and slender as not to be visible unless when
distended with chyle, soon unite into larger branches. The pipes, formed by this union,
terminate in glands, from which other pipes of a still larger diameter arising, carry the chyle,
from all parts, into a common reservoir or receptacle. This receptucle is a bag of size enough
to hold about two table-spoons full ; and from this vessel a duct or main pipe proceeds,
cimbing up the back part of the chest, and afterward crecping along the gullet till it reach
the neck. Here it meets the river: here it discharges itself into a large vein, which soon
conveys the chyle, now flowing along with the old blood, to the heart. This whole route
an be exhibited to the eye; nothing is left to be supplied by imagination or conjecture.
Now, beside the subserviency of this structure, collectively considered, to a manifest and
necessary purpose, we may remark two or three separate particulars in it, which show, not
aly the contrivance, but the perfection of it. We may remark, first, the length of the
intestines, which, in tho human subject, is six times that of the body. Simply for a passage,
these voluminous bowels, this prolixity of gut, scems in no wise necessary ; but in order to
idlow time and space for the successive extraction of the chyle from the digestive aliment,
mmely, that the chyle which escapes the lacteals of ome part of the guts may be taken up
by thoee of some other part, the length of the canal is of evident use and conduciveness.
Secondly, we must also remark their peristaltic motion ; which is made up of contractions,
following one another like waves upon the surface of a fluid, and not unlike what we observe
in the body of an earth-worm crawling along the ground ; and which is effected by the joint
action of longitudinal and of spiral, or rather perhaps of a great number of separate semi-
circular fibres. This curious action pushes forward the grosscr part of the aliment, at the
mme time that the more subtile parts, which we call chyle, are, by a series of gentle com-
pressions, squeezed into the narrow orifices of the lacteal veins. Thirdly, it was necessary
that these tubes, which we denominate lacteals, or their mouths at least, should be made as
narrow as possible, in order to deny admission into the blood to any particle which is of size
enough to make a lodgment afterward in the small arteries, and thereby to obstruct the cir-
culation ; and it was also necessary that this extreme tenuity should be compensated by
multitude ; for a large quantity of chyle (in ordinary constitutions, not less, it has been com-
puted, than two or three quarts in a day) is, by some means or other, to be passed through
them. Accordingly, we find the number of the lacteals exceeding all powers of computation ;
and their pipes so fine and elender, as not to be visible, unless filled, to the naked eye ; and
their orifices, which open into the intestines, so small as not to be discernible even by the
best microscope. Fourthly, the main pipe which carries the chyle from the reservoir to the
blood, viz. the thoracic duct, being fixed in an almost upright position, and wanting that
advantage of propulsion which the arteries possess, is furnished with a succession of valves to
check the ascending fluid, when once it has passed them, from falling back. These valves
look upward, 20 as to leave the ascent free, but to prevent the return of the chyle, if, for
want of safficient force to push it on, its weight should at any time cause it to descend.
Fifthly, the chyle enters the blood in an odd place, but perhaps the most commodious place
possible, viz. at & large vein in the meck, so situated with respect to the circulation, as
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speedily to bring the mixture to the heart. And this seems to be a circumstance of great
moment ; for had the chyle entered the blood at an artery, or at a distant vein, the fluid,
composed of the old and the new materials, must have performed a considerable part of the
clrculatxon, before it received that churning in the lungs, which is, probably, neceseary for
the intimate and perfect union of the old blood with the recent chyle. Who could have
dreamt of a communication between the cavity of the intestines and the left great vein of
the neck? Who could have suspected that this communication should be the medium
through which all nourishment is derived to the body; or this the place, where, by a
side inlet, the important junction is formed between the blood and the material which
feeds it ?

‘We postponed the consideration of digestion, lest it should interrupt us in tracing the course
of the food to the blood ; but, in treating of the alimentary system, so principal a part of the
Pprocess cannot be omitted.

Of the gastric juice, the immediate agent by which that change which food undergoes in
our stomachs is effected, we shall take our account from the numerous, careful, and varied
experiments of the Abbé Spallanzani *.

1. It is not a simple diluent, but a real solvent. A quarter of an ounce of beef had
scarcely touched the stomach of a crow, when the solution began.

2. It has not the nature of saliva ; it has not the nature of bile; but is distinct from both.
By experiments out of the body it appears, that neither of these secretions acts upon alimen-
tary substances, in the same manner as the gastric juice acts.

3. Digestion is not putrefaction : for the digesting fluid resists putrefaction most pertina-
ciously ; nay, not only checks its farther progress, but restores putrid substances.

4. It is not a fermentative process: for the solution begins at the surface, and proceeds
towards the centre, contrary to the order in which fermentation acts and spreads.

5. It is not the digestion of heat : for the cold maw of a cod or sturgeon will dissolve the
shells of crabs or lobsters, harder than the sides of the stomach which contains them.

In a word, animal digestion carries about it the marks of being a power and a procees
completely sui generis : is distinct from every other ; at least from every chymical process with
which we are acquainted. And the most wonderful thing about it is its appropriation ; its
subserviency to the particular economy of each animal. The gastric juice of an owl, falcon,
or kite, will not touch grain ; no, not even to finish the macerated and half-digested pulse
which is left in the crops of the sparrows that the bird devours. In poultry, the trituration
of the gizzard, and the gastric juice, conspire in the work of digestion. The gastric juice
will not dissolve the grain whilst it is whole. Entire grains of barley, enclosed in tubes or
spherules, are not affected by it. But if the same grain be by any means broken or ground,
the gastric juice immediately lays hold of it. Here then is wanted, and here we find, a
combination of mechanism and chymistry. For the preparatory grinding, the gizzard lends
its mill. And as all millwork should be strong, its structure is so, beyond that of any other
muscle belonging to the animal. The internal coat also, or lining of the gizzard, is, for the
same purpose, hard and cartilaginous. But, forasmuch as this is not the sort of animal saub-
stance suited for the reception of glands, or for secretion, the gastric juice, in this family, is
not supplied, as in membranous stomachs, by the stomach itself, but by the gullet, in which
the feeding glands are placed, and from which it trickles down into the stomach.

® Lazarus Spallanzani, whom Paley so often quotes,

long devoted himself to the study of animal chymistry ;
but his in the , although very considera-

lectures, and acquired s taste for experimental philosopby.
He, in doned the law, and was m:
professor of Greek, at Reggio, afterwards filling the chair

ble, was by no means equal to ‘the talents he possessed ;
he bad, moreover, the fate shared by all those who have
experimonted {upon hving umn.ln to wade through many
very disagr exa , to perp many cruel-
ties, and some of them such as must make the most
callous ehudder.

The history of Spallanzani is not destitute of romance.
He was originally intended for the law, for which he
studied at Modonn but on_his arrival at Bologna, the
talents of his the cclebrated Laura B

of natural philosophy at Modena, and finally at Padua.

He was one of Paley’s greatest chemical contemporaries,
for he was born in 1729, and died in 1798, only seven years
before our author, His character was that of many men
of genius: with great mental powers he had an insatisble
thirst for knowledge, dabbled in many sclences, had s
restlessncss and curiosity which carried him over most
pu-uol'EuropomdevenAnn,vhﬂed most mea of
science, and was a member of many distinguishod phile~

hical societies. — Thomson.—Dict. Hist.

give
him a distaste for his profession. He attended her public
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In sheep, the gastric fluid has no effect in digesting plants, unless they have been previously
masticated. It only produces a slight maceration ; and nearly such as common water would
produce, in a degree of heat somewhat exceeding the medium temperature of the atmosphere.
But provided that the plant has been reduced to pieces by chewing, the gastric juice then
proceeds with it, first, by softening its substance : next, by destroying its natural consistency;
and lastly, by dissolving it so completely, as not even to spare the toughest and most stringy
parts, such as the nerves of the leaves.

8o far our accurate and indefatigable Abbé.—Dr. Stevens, of Edinburgh, in 1777, found,
by experiments tried with perforated balls, that the gastric juice of the sheep and the ox
speedily dissolved vegetables, but made no impression upon becf, mutton, and other animal
bodies. Dr. Hunter discovered a property of this fluid, of a most curious kind ; viz. that in
the stomachs of animals which feed upon flesh, irresistibly as this fluid acts upon animal sub-
stances, it is only upon the dead substance that it operates at all. The living fibre suffers no
injury from lying in contact withit. Worms and insects are found alive in the stomachs of
such animals. The coats of the human stomach, in a healthy state, are inscnsible to its pre-
sence ; yet in cascs of sudden death (wherein the gastric juice, not having been weakened by
disease, retains its activity), it has been known to eat a hole through the bowel which con-
tains it*. How nice is this discrimination of action, yet how neccssary!+

But to return to our hydraulics.

ITI. The gall-bladder is a very remarkable contrivance. It is the reservoir of a canal. It does
not form the channel itself, i. e. the direct communication between the liver and the intestine,
which is by another passage, viz. the ductus hepaticus, continued under the name of the ductus
communis; but it liesadjacent to this channel, joining it bya duct of its own, the ductus cysticus;
by which structure it is enabled, as occasion may require, to add its contents to, and increase,
the flow of bile into the duodenum. And the position of the gall-bladder is such as to apply
this structure to the best advantage. Inits natural situation, it touches the exterior surface of
of the stomach, and consequently is compressed by the distention of that vessel: the effect of
which compression is to force out from the bag, and send into the duodenum, an extraordinary
quantity of bile, to meet the extraordinary demand which the repletion of the stomach by food
is about to occasion}. Cheselden describes§ the gall-bladder as scated against the duodenum,
and thereby liable to have its fluid pressed out, by the passage of the aliment through that
cavity ; which likewise will have the effect of causing it to bo received into the intestine,
at a right time, and in a due proportion.

There may be other purposes answered by this contrivance ; and it is probable that there
wre. The contents of the gall-bladder are not exactly of the same kind as what passes from
the liver through the direct passage||l. It is possible that the gall may be changed, and for
wome meliorated, by keeping.

The entrance of the gall-duct into the duodenum furnishes another observation. When-
ever either smaller tubes are inserted into larger tubes, or tubes into vessels and cavities, such

¢ Phil. Trans, vol. Ixii. p. 447.

+ 80 corrosive is the action of the gastric juice upon
the dead coats of the stomach, that there have been seve-
1l cnes in which innocent persons have been accused of
Mecuing those who have died suddenly, whose stomachs
were found corroded.

The of this mystic fluid to all snimals, has
Tendered the most eminent of chemists anxious to investi-
P% ity properties.  Vauquelin, Senncbier, Hunter,
s""’.Bmgnﬂdli, and ot:m have, however, in vain
hbwred for that purpose; and our knowledge of its

composition is not now mach more accurate than

b the days of Paley and the Abbé Spalanzani. The
Tenlt of their labours does not afford any * explauation,”
"Ptlio words of Dr. Henry, * of the solvent power
it czerts on all animal and vegetable substances.
Eren out of tho body it appears to retard the putrefaction
of wimal substances, and to reduce them to & stato some-
Skt dmilar to that in which they are found afier having

for some time in the stomach.’’

The appearance of this fluid would excite little suspi-
cion of its powers. That of carnivorous animals, accord-
ing to Brugnatelli, has *“ an acid and resinous odour, is
very bitter, but is not watery "—contains an acid, a
resin, an animal substance, and a small quantity of com-

mon salt. That of herbivorous animals, on the other
hand, is of a watery naturc: its taste is bitter and saltish,
tai ia, an 1 extract, and a considerablo

proportion of common salt. But all these ingredients
of the gastric juice afford no explanation to the chemist
of the powers possessed by this almost universal solvent
—he would have rather expected to have found in its
composition powerful alkalies and acids, something more
like the re-agents he is wont to employ in his laboratory,
than a bitter solution resembling gum-water in appearance.
—Elcments of Exp. Chem. vol. ii. p. 330; Thomson’s
System, vol. iv. 8 594 ; Hunter, Phil. Trans. vol. 623
Baillie’s Morhid Anatomy, p. 75.
1 Keill's Anat p. 64.
Il Kecill (from Malpighius), p. 63.
G

§ Anat. p. 161
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receiving tubes, vessels, or cavities, being subject to muscular constriction, we always find a
contrivance to prevent regurgitation. In some cases, valves are used ; in other cases,
amongst which is that now before us, a different expedient is resorted to, which may be thus
described : The gall-duct enters the duodenum obliguely ; after it has pierced the first coat,
it runs near two fingers’ breadth detwceen the coats before it opens into the cavity of the intes-
tine*. The same contrivance is used in another part, where there is exactly the same occa-
sion for it, viz. in the insertion of the ureters in the bladder. These enter the bladder near
its neck, running obliquely for the space of an inch between its coats+. It is, in both cascs,
sufficiently evident, that this structure has a necessary mechanical tendency to resist regur-
gitation ; for whatever force acts in such a direction as to urge the fluid bLack into the orifices
of the tubes, must, at the same time, stretch the coats of the vessels, and thereby compress
that part of the tube which is included between them.

IV. Amongst the vessels of the human body, the pipe which conveys the saliva from the
place where it is made, to the place where it is wanted, deserves to be reckoned amongst the
most intelligible pieces of mechanism with which we are acquainted. The saliva, we all
know, is used in the mouth ; but much of it is manufactured on the outside of the cheek, by
the parotid gland, which lies between the ear and the angle of the lower jaw. In order to carry
the secreted juice to its destination, there is laid from the gland on the outside, a pipe, about
the thickness of a wheat straw, and about three fingers’ breadth in length; which, after
riding over the masseter muscle, bores for itself a hole through the very middle of the cheek ;
enters by that hole, which is a complete perforation of the buccinator muscle, into the mouth ;
and there discharges its fluid very copiously.

V. Another exquisite structure, differing indeed from the four preceding instances, in that
it does not relate to the conveyance of fluids, but still belonging, like these, to the class of
Ppipes or conduits of the body, is seen in the larynz. We all know that there go down the
throat two pipes, one leading to the stomach, the other to the lungs ; the one being the pas-
sage for the food, the other for the breath and voice: we know also that both these passages
open into the bottom of the mouth ; the gullet, necessarily, for the conveyance of food ; and the
wind-pipe, for speech and the modulation of sound, not much lessso : therefore the difficulty
was, the passages being so contiguous, to prevent the food, especially the liquids, which we
ewallow into the stomach, from entering the wind-pipe, i. e. the road to the lungs ; the con-
sequence of which error, when it does happen, is perceived by the convulsive throcs that are
instantly produced. This business, which is very nice, is managed in this manner. The
gullet (the passage for food) opens into the mouth like the cone or upper part of a funnel,
the capacity of which forms indeed the bottom of the mouth. Into the side of this funnel,
at the part which lies the lowest, enters the wind-pipe, by a chink or slit, with a lid or flap,
like a little tongue, accurately fitted to the orifice. The solids or liquids which we swallow,
pass over this lid or flap, as they descend by the funnel into the gullet. Both the weight of
the food, and the action of the muscles concerned in swallowing, contribute to keep the lid
close down upon the aperture, whilst anything is passing ; whereas, by means of its natural
cartilaginous spring, it raises itself a little, as soon as the food is passed, thereby allowing a
free inlet and outlet for the respiration of air by the lungs. Such is its structure: And we
may here remark the almost complete success of the expedient, viz. how seldom it fails of its
purpose, compared with the number of instances in which it fulfils it. Reflect how fre-
quently we swallow, how constantly we breathe. In a city-feast, for example, what degluti-
tion, what anhclation! yet does this little cartilage, the epiglottis, so cffectually interpose its
office, so sccurely guard the entrance of the wind-pipe, that whilst morsel after morsel,
draught after draught, are coursing onc another over it, an accident of a crumb or a drop
slipping into this passage (which nevertheless must be opened for the breath every second of
time), excites in the whole company, not only alarm by its danger, but surprise by its
novelty. Not two guests are choked in a century.

There is no room for pretending that the action of the parts may have gradually formed
the epiglottis : I do not mean in the same individual, but in a succession of generations. Not

® Keill’s Anat, p. 62. t Ches. Anat. p. 260.
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enly the action of the parts has no such tendency, but the animal could not live, nor conse-
quently the parts act, either without it, or with it in a half-formed state. The species was
not to wait for the gradual formation or expansion of a part which was, from the first,
necessary to the life of the individual.

Not only is the larynx curious, but the whole wind-pipe possesscs a structure adapted to
its peculiar office. It is made up (as any one may perceive by putting his fingers to his
throat) of stout cartilaginous ringlets, placed at small and equal distances from one another.
Now this is not the case with any other of the numerous conduits of the body. The use of
these cartilages is to keep the passage for the air constantly open ; which they do mechani-
cally. A pipe with soft membranous coats, liable to collapse and close when empty, would
not have answered here ; although this be the gemeral vascular structure, and a structure
which serves very well for those tubes which are kept in a state of perpctual distention by
the fluid they enclose, or which afford a passage to solid and protruding substances.

Nevertheless (which is another particularity well worthy of notice), these rings are not
complete, that is, are not cartilaginous and stiff all round; but their hinder part, which is
contiguous to the gullet, is membranous and soft, ecasily yielding to the distentions of that
organ occasioned by the descent of solid food. The same rings are also bevelled off at the
upper and lower edges, the better to closc upon one another, when the trachea is compressed
or shortened.

The constitution of the trachea may suggest likewise another reflection. The membrane
which lines its inside, is, perhaps, the most sensible, irritable membrane of the body. It
rejects the touch of a crumb of bread, or a drop of water, with a spasm which convulses the
whole frame ; yet, left to itself, and its proper office, the intromission of air alone, nothing
can be 8o quiet. It does not even make itself felt; a man does not know that he has a
trachea. This capacity of perceiving with such acuteness, this impatience of offence, yet
perfect rest and ease when let alone, are properties, one would have thought, not likely to
reside in the same subject. It is to the junction, however, of these almost inconsistent qua-
lities, in this, as well as in some other delicate parts of the body, that we owe our safety and
our comfort ;—our safety to their sensibility, our comfort to their repose.

The larynx, or rather the whole wind-pipe taken together (for the larynx is only the upper
part of the wind-pipe), besides its other uses, is also a musical instrument, that is to say, it

+ 18 mechanism expressly adapted to the modulation of sound ; for it has been found upon trial,
that, by relaxing or tightening the tendinous bands at the extremity of the wind-pipe, and
blowing in at the other end, all the cries and notes might be produced of which the living
wnimal was capable. It can be sounded, just as a pipe or flute is sounded.

Birds, says Bonnet, have, at the lower end of the wind-pipe, a conformation like the reed
of 3 hautboy, for the modulation of their notes. A tuneful bird is a ventriloquist. The scat
of the song is in the breast.

The use of the lungs in the system has becn said to be obscure ; one use, however, is plain,

in some sense, external to the system, and that is, the formation, in conjunction
vith the larynx, of voice and speech. They are, to animal utterance, what the bellows are
to the organ ¥.

* The apparatus, the various organs, employed for the
""flﬁon of the human voice, afford a m:lt interesting
$ibject for investigation. The traches, or wind-pipe ; the
. at its summit ; the glottis, a small oval cleft, with
" tpendages ; the epiglottis, or valve, and the various

bad not simed at our gratification, why should there he
this intricacy to secure a pleasing modulation of the voice ?
—a meclody surpassing in sweetness and effect any that
can be produced from an instrument by the most skilful
musician. Yet bow little is required to make tho voice

"qulating ligaments, arc all subservient to the prod
o that modulation of the human voice which is the chicf
‘h_’lof life, and bond of social intercourse. The sound,

may be called the basis of the voice, is formed by
te vibrations of the glottis, as the air is forced through
Rfom the lungs. The sound thus formed passes into
'."‘Q'ily of the mouth and nostrils, where, by its reflec-
“""lnd resoundings, the modulations are formed, which
Cttitute our articulate voice : and on these reflections the
Sgrecablencss of the voice entirely depends. If the Great

of this sppiratus bad not designed our bappiness,

d t, and displ g—close but the nostrils ; let the
tongue be disproportioned ; let the palate be defective, and
all the harmony is gone. But how rarely is tho voice
unpleasing ; so rare is it, that the occurrence is remark-
able as a seldom-occurring exception. At the same time,
to secure this agreeableness of sound, movements the
most delicate are required to be faultless. M. Dodart
has shewn that to perform all the tones and semi-tones of
a common voice, the minute diamecter of the glottis, which
docs not excced yi;th of an inch, must be capable of 9Q32
differcnt  degrees of closure, and many of them being

G2
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For the sake of method, we have considered animal bodies under threc divisions ; their
bones, their muscles, and their vessels: and we have stated our observations upon these
parts separatcly. But this is to diminish the strength of the argument. The wisdom of
the Creator is scen, not in their separate but their collective action ; in their mutual subser-
viency and dependance ; in their contributing together to one effect and one use. It has been
said, that a man cannot lift his hand to his head, without finding enough to convince him of
the existence of a God. And it is well said ; for he has only to reflect, familiar as this action
is, and simple as it seems to be, how many things are requisite for the performing of it : how
many things which we understand, to say nothing of many more, probably, which we do
not ; viz. first, a long, hard, strong cylinder, in order to give to the arm its firmmess and
tension ; but which, being rigid, and in its substance inflexible, can only turn upen joints:
secondly, therefore, joints for this purpose; one at the shoulder to raise the arm, another at
the clbow to bend it ; these joints continually fed with a soft mucilage to make the parts
slip easily upon one another, and held together by strong braces, to keep them in their
position : then, thirdly, strings and wires, 4. e. muscles and tendons, artificially inserted for
the purpose of drawing the bones in the dircctions in which the joints allow them to move.
Hitherto we seem to understand the mechanisin pretty well ; and, understanding this, we
possess enough for our conclusion : nevertheless, we have hitherto only a machine standing
still; a dead organization,—an apparatus. To put the system in a state of activity ; to set
it at work ; a farther provision is necessary, viz. a communication with the brain by means
of nerves. We know the existence of this communication, because we can see the commu-
nicating threads, and can trace them to the brain : its necessity we also know, because if the
thread be cut, if the communication be intercepted, the muscle becomes paralytic : but beyond
this, we know little ; the organization being too minute and subtile for our inspection.

To what has been enumerated, as officiating in the single act of a man’s raising his hand
to his head, must be added likewise, all that is necessary, and all that contributes to the
growth, nourishment, and sustentation, of the limb, the repair of its waste, the preservation
of its health : such as the circulation of the blood through every part of it ; its lymphatics,
exhalants, absorbents ; its excretions and integuments. All these share in the result ; join in
the effect : and how all these, or any of them, come together without a designing, disposing
intelligence, it is impossible to conceive.

CHAPTER XI.

OF THE ANIMAL STRUCTURE REGARDED AS A MASS.

CONTEMPLATING an animal body in its collective capacity, we cannot forget to notice, what
a number of instruments are brought together, and often within how small a compass. It
is a cluster of contrivances. In a canary bird, for instance, and in the single ounce of matter
which composes its body (but which scems to be all employed), we have instruments for
cating, for digesting, for nourishment, for breathing, for generation, for running, for flying,
for seeing, for hearing, for smelling ; cach appropriate,—each entirely different from all the
rest.

The human, or indeed the animal frame, considered as a mass or assemblage, exhibits in

very unequal, sometimes the open fissure cannot exceed in their organs, that animals are denjed the faculty of
the yyg’yopth part of an inch. peech. Scveral animals may be taught to pronounce

Speech, an articulate voice, is one cause of man's rapid
advance in civilisation, as it is also a token of his high
prerogutive over other created beings. It is not owing,
says Mr. Lawrence, as some have imagined, to any defect

words, and even repeat sentences ; but to make them con-
ceive the ideas which these words express, is beyond the
power of art : they articulate and repeat like an echo or
machine.
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its composition three propertics, which have long struck my mind as indubitable evidenccs
not only of design, but of a great deal of attention and accuracy in prosecuting the design *.

I. The first is, the exact correspondency of the two sides of the same animal ; the right
hand answering to the left, leg to leg, eye to eye, one side of the countenance to the other;
and with a precision, to imitate which in any tolcrable degree, forms one of the difficulties
of statuary, and requires, on the part of the artist, a constant attention to this property of
his work, distinct from every other.

It is the most difficult thing that can be to get a wig made even; yet how scldom is the
face awry ?  And what care is taken that it should not be so, the anatomy of its bones
demonstrates. The upper part of the face is composed of thirtcen bones, six on each side,
answering each to each, and the thirteenth, without a fellow, in the middle; the lower part
of the face is in like manner composed of six bones, three on each side respectively corre-
sponding, and the lower jaw in the centre. In building an arch, could more be done in order
to make the curve true, i. e. the parts equi-distant from the middle, alike in figure and
position ?

The exact rescmblance of the eyes, considering how compounded this organ is in its struc-
ture, how various and how delicate are the shades of colour with which its iris is tinged;
how differently, as to effect upon appearance, the eye may be mounted in its socket, and
how differently in differcnt heads eyes actually are set,—is a property of animal bodies much
tobe admired. Of ten thousand eyes, I do not know that it would be possible to match one,
except with its own fellow ; or to distribute them into suitable pairs by any other selection

than that which obtains. .

This regularity of the animal structure is rendered more remarkable by the three following
considerations.—F'irst, the limbs, separately taken, have not this correlation of parts, but the

contrary of it. A knife drawn down the chine, cuts the human body into two parts, exter-
nlly equal and alike ; you cannot draw a straight line which will divide a hand, a foot, the
leg, the thigh, the cheek, the eye, the car, into two parts equal and alike. Those parts
which are placed upon the middle or partition line of the body, or which traverse that line,
a the nose, the tongue, the lips, may be so divided, or, more properly speaking, are double
organs ; but other parts cannot. This shews that the correspondency which we have been
dewcribing does not arise by any necessity in the nature of the subject : for, if nccessary, it
would be universal ; whereas it is observed only in the system or asscmblage : it is not true

* Paley has not dwelt, in this chapter, upon the com-
pantive chemical composition of animals regarded as a
maw, yet this very composition in its general featurcs
diffs widely from all other organic substances. Tho
branches of a tree do not differ much from its foliage in
chemical composition. The stalk of grass, and its sceds
ud leaves, are mearly identical in composition ; being
fized to one spot, the stem is sufficiently strong to sup-
port the weight of the plant, and the large size of the
m t:lunk is no inconvenience to the growth of the in-

ual,

The composition, however, of the flesh and bones of
@imals differs very widely ; thero is handly an ingredicnt
“minon to both. We know of no substance made of

 mme substances as the muscular part of animals;

are sufficiently strong, and light, and tough, to an-

wer 28 a substitute for bones; and yet the adoption of
peculiar and chicf ingredient of bones could hardly have
been the effect of blind chance, ince this, phosphate of

e of the chemists, is only met with in minute propor-
Somin other substances; it is rarely found in the earth,
™2 in a fossil statc, and then only in or

tions of the inferior animals, without these supports and
assistants to motion, must convince the most thoughtless
of the advantages derived from their use; and if any one
doubts the peculiar skill noticeable in the choice of their
composition, let that person convince himself of the exist-
ence of any other substance which weuld in all respects
bo equally scrviceable.

This mass has, moreover, another great and valuable
power, that of repairing itself; a cut finger, or a broken
bone, has ‘speedily conveyed to it a deposit peculiarly
adapted to repair the injury sustained, and the conveyance
of the matter to be deposited is totally unconnected with
the will of the animal, and only adapted to the repair of
the peculiar injury. The albumen deposited in the cut
will not ccment the broken bone, and the gelatine of he
cement employed for a broken bone is equally useless in
a wound.

The regularity, too, in which these secrctions are
conveyed to the injured spot is equally surprising, and
a proof of the Divine coutriver’s wisdom ; for it is cicar
that the secretion is only according to the nccessary

Tming of former organic formations ; hardly ever in
Bines ; and yet all animals, overy sparrow, every sprat,
€very whale, has its bones t cntircly composed of
thig sabstance, with undeviating regularity. The very

Btreduction of bones into the 1 mass is symp ic
% & contriving power, solici for the comfort and ac-
fivity of his creaturcs. The awkward and confined mo-

d; it coases with the wound. And, although we
see no directing agent, no power equal to the regula-
tion of the processcs necessarily brought into temjporary
action by an accidental fracture, yet still all theso arrange.
ments are made, not in one animal, or a solitary plant,
bat in all living substances. The limb of the tice, when
broken, heals, and barks over, just as uniformly as the
wound of an animal.
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of the separate parts ; that is to say, it is found where it conduces to beauty or utility ; it
is not found, where it would subsist at the expense of both. The two wings of a bird always
correspond : the two sides of a feather frequently do not. In centipedes, millepedes, and that
whole tribe of insects, no two legs on the same side are alike ; yet there is most exact parity
between the legs opposite to one another.

2. The next circumstance to be remarked is, that, whilst the cavities of the body are so
configurated, as externally to exhibit the most exact correspondency of the opposite sides,
the contents of these cavities have no such correspondency. A line drawn down the middle
of the breast, divides the thorax into two sides exactly similar ; yet these two sides enclose
very different contents. The heart lies on the left side: a lobe of the lungs on the right;
balancing each other, neither in size nor shape. The same thing holds of the abdomen.
The liver lies on the right side, without any similar viscus opposed to it on the left.
The splecn indeed is situated over-against the liver; but agreeing with the liver neither in
bulk nor form. There is no equipollency between these. The stomach is a vessel, both
irregular in its shape, and oblique in its position. The foldings and doublings of the intes-
tines do not present a parity of sides. Yet that symmetry which depends upon the correla-
tion of the sides, is externally preserved throughout the whole trunk ; and is the more
remarkable in the lower parts of it, as the integuments are soft ; and the shape, consequently,
is not, as the thorax is by its ribs, reduced by natural stays. It is evident, therefore, that
the external proportion does not arise from any equality in the shape or pressure of the
internal contents. What is it indeed but a correction of inequalities: an adjustment, by
mutual compensation, of anomalous forms into a regular congeries? the effect, in a word, of
artful, and if we might be permitted so to speak, of studied collocation ?

3. Similar also to this, is the third observation; that an internal inequality in the feeding
vessels is so managed, as to produce no inequality in parts which were intended to correspond.
The right arm answers accuratcly to the left, both in size and shape; but the arterial
branches, which supply the two arms, do not go off from their trunk, in a pair, in the same
manner, at the same place, or at the same angle. Under which want of similitude, it is
very difficult to conceive how the same quantity of blood should be pushed through each
artery : yet the result is right; the two limbs, which are nourished by them, perceive no
difference of supply, no effects of excess or deficiency.

Concerning the difference of manner, in which the subclavian and carotid arteries, upon
the different sides of the body, scparate themsclves from the aorta, Cheselden seems to have
thought, that the advantage which the left gain by going off at an angle much more acute
than the right, is made up to the right, by their going off together in one branch*. Itis
very possible that this may be the compensating contrivance: and if it be so, how curious,
how hydrostatical !

II. Another perfection of the animal mass is the package. I know nothing which is so
surprising. Examine the contents of the trunk of any large animal. Take notice how soft,
how tender, how intricate, they are ; how constantly in action, how necessary to life! Re-
flect upon the danger of any injury to their substance, any derangement of their position,
any obstruction to their office. Obscrve the heart pumping at the centre, at the rate of
eighty strokes in a minute ; one set of pipes carrying the stream away from it, another set
bringing, in itd course, the fluid back to it again; the lungs performing their elaborate
office, viz. distending and contracting their many thousand vesicles, by a reciprocation which
cannot cease for a minute; the stomach excrcising its powerful chemistry; the bowels
silently propelling the changed aliment ; collecting from it, as it proceeds, and transmittin
to the blood, an incessant supply of prepared and assimilated nourishment ; that blood pur-
suing its course ; the liver, the kidneys, the pancreas, the parotid, with many other known
and distinguishable glands, drawing off from it, all the while, their proper secretions. These
several operations, together with others more subtile but less capable of being investigated,
#re going on within us, at onc and the same time. Think of this; and then observe how
the body itsclf, the case which holds this machinery, is rolled, and jolted, and tossed about,

* Ches. Anat. p. 184, ed. 7.
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the mechanism remaining unhurt, and with very little molestation even of its nicest motions.
Observe a rope-dancer, a tumbler, or a monkey; the sudden inversions and contortions
which the internal parts sustain by the postures into which their bodies are thrown; or
rather observe the shocks which these parts, even in ordinary subjects, sometimes receive
from falls and bruises, or by abrupt jerks and twists, without sensible, or with soon reco-
vered, damage. Observe this, and then reflect how firmly every part must be secured, how
carefully surrounded, how well tied down and packed together.

This property of animal bodies has never, I think, been considered under a distinct head,
or so fully as it deserves. I may be allowed therefore, in order to verify my observation
concerning it, to set forth a short anatomical detail, though it oblige me to use more tech-
nical language than I should wish to introduce into a work of this kind.

1. The Aeart (such care is taken of the centre of life) is placed between two soft lobes
of the lungs : is tied to the mediastinum and to the pericardium ; which pericardium is not
only iteelf an exceedingly strong membrane, but adkeres firmly to the duplicature of the me-
diastinum, and, by its point, to the middle tendon of the diaphragm. The heart is also
sustained in its place by the great blood-vessels which issue from it *.

2. The lungs are tied to the sternum by the mediastinum before ; to the vertebree by the
pleura, behind. It seems indeed to be the very use of the mediastinum (which is a mem-
brane that goes straight through the middle of the thorax, from the breast to the back), to
keep the contents of the thorax in their places; in particular to hinder one lobe of the lungs
from incommoding another, or the parts of the lungs from pressing upon each other when
we lie on one side +.

3. The licer is fastened in the body by two ligaments: the first, which is large and
strong, comes from the covering of the diaphragm, and penetrates the substance of the liver ;
the second is the umbilical vein, which, after birth, degenerates into a ligament. The first,
which is the principal, fixes the liver in its situation, whilst the body holds an erect posture ;
the second prevents it from pressing upon the diaphragm when we lic down: and both
together sling or suspend the liver when we lie upon our backs, so that it may not compress
or obstruct the ascending vena cava 1, to which belongs the important office of returning the
blood from the body to the heart.

4. The bladder is tied to the navel by the urachus; transformed into a ligament : thus,
what was a passage for urine to the foetus, becomes, after birth, a support or stay to the
bladder. The peritonzeum also keeps the viscera from confounding themseclves with, or
pressing irregularly upon, the bladder; for the kidneys and bladder are contained in a dis-
tinct duplicature of that membrane, being thereby partitioned off from the other contents of
the abdomen.

5. The kidneys are lodged in a bed of fat:

6. The pancreas, or sweetbread, is strongly tied to the peritonseum, which is the great
wrapping sheet, that encloses all the bowels contained in the lower belly §.

1. The spleen also is confined to its place by an adhesion to the peritonssum and dia-
pingm, and by a connexion with the omentum ||. It is possible, in my opinion, that the
spleen may be merely a stuffing, a soft cushion to fill up a vacancy or hollow, which, unless
ocupied, would leave the package loose and unsteady : for, supposing that it answers no
other purpose than this, it must be vascular, and admit of. a circulation through it, in order
Wbe kept alive, or be a part of a living body.

8. The omentum, epiploon, or caul, is an apron tucked up, or doubling upon itself, at its
lowest part. The upper edge is tied to the bottom of the stomach, to the spleen, as hath
been already observed, and to part of the duodenum. The reflected edge also, after forming
the donbling, comes up behind the front flap, and is tied to the colon and adjoining viscera §}.

9. The septa of the brain probably prevent one part of that organ from pressing with too
great & weight upon another part. The processes of the dura mater divide the cavity of the
tkull, like s0 many inner partition walls, and thereby confine each Lomisphere and lobe of
the brain to the chamber which is assigned to it, without its being liable to rest upon, or in-

¢ Keill's Anat. p. 107, ed. 3. + Ib. p. 119, ed. 3. t Ches. Anat. p. 162.
§ Kiell's Anat. p. 57. || Ches. Anat. p. 167. { Ches. Anat. p. 147.



88 NATURAL THEOLOGY.

termix with, the neighbouring parts. The great art and caution of packing, is to prevent one
thing hurting another. This, in the head, the chest, and the abdomen, of an animal body,
is, amongst other methods, provided for by membranous partitions and wrappings, which
keep the parts scparate.

The above may serve as a short account of the manner in which the principal viscera are
sustained in their places. But of the provisions for this purpose, by far, in my opinion, the
most curious, and where also such a provision was most wanted, is in the gwts. It is
pretty evident, that a long narrow tube (in man, about five times the length of the body)
laid from side to side in folds upon one another, winding in oblique and circuitous directions,
composed also of a soft and yielding substance, must, without some extraordinary precaution
for its safety, be continually displaced by the various, sudden, and abrupt motions of the
body which contains it. I should expect that, if not bruised or wounded by every fall, or
leap, or twist, it would be entangled, or be involved with itself; or, at the least, slipped
and shaken out of the order in which it is disposed, and which order is necessary to be pre-
served, for the carrying on of the important functions which it has to execute in the animal
economy. Let us sec, therefore, how a danger so serious, and yet so natural to the length,
narrowness, and tubular form of the part, is provided against. The expedient is admirable :
and it is this. The intestinal canal, throughout its whole process, is knit to the edge of a
broad fat membrane called the mesentery. It forms the margin of this mesentery, being
stitched and fastened to it like the cdging of a ruffic: being four times as long as the
mesentery itself, it is what a sempstress would call, * puckered or gathered on” to it. This
is the nature of the connexion of the gut with the mesentery ; and being thus joined to, or
rather made a part of, the mesentery, it is folded and wrapped up together with it. Now
the mesentery, having a considerable dimension in breadth, being in its substance, withal,
both thick and suety, is capable of a close and safe folding, in comparison of what the in-
testinal tube would admit of, if it had remained loose. The mesentery likewise not only
keeps the intestinal canal in its proper place and position under all the turns and windings of
its course, but sustains the numberless small vessels, the arteries, the veins, the lympheducts,
and, above all, the lacteals, which  lead from or to almost every point of its coats and
cavity. This membrane, which appears to be the great support and security of the alimen-
tary apparatus, is itself strongly tied to the first three vertebre of the loins *.

III. A third general property of animal forms is beauty. I do not mean relative beauty,
or that of one individual above another of the same specics, or of one species compared with
another species ; but I mean, generally, the provision which is made in the body of almost
every animal, to adapt its appearance to the perception of the animals with which it con-
verses. In our own species, for example, only consider what the parts and materials are, of
which the fairest body is composed ; and no farther observation will be necessary to shew
how well these things are wrapped up, so as to form a mass which shall be capable of sym-
metry in its proportion, and of beauty in its aspect; how the bones are covered, the bowels
concealed, the roughnesses of the muscle smoothed and softened ; and how over the whole is
drawn an integument, which converts the disgusting materials of a dissecting-room into an
object of attraction to the sight, or one upon which it rests, at least, with ease and satisfac-
tion. Much of this effect is to be attributed to the intervention of the ccllular or adipose
membrane, which lies immediately under the skin; is a kind of lining to it ; is moist, soft,
slippery, and compressible : every where filling up the interstices of the muscles, and form-
ing thereby their roundness and flowing line, as well as the evenness and polish of the whole
surface. :

All which seems to be a strong indication of design, and of a design studiously directed to
this purpose. And it being once allowed, that such a purpose existed with respect to any of
the productions of nature, we may refer, with a considerable degrec of probability, other
particulars to the same intention ; such as the tints of flowers, the plumage of birds, the
furs of beasts, the bright scales of fishes, the painted wings of butterflies and beetles, the
rich colours and spotted lustre of many tribes of insccts.

¢ Kdill's Anat. p. 45,
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There are parts also of animals ornamental, and the properties by which they are so, not
subscrvient, that we know of, to any other purpose. 'l'he irides of most animals are very
beantiful, without conducing at all, by their beauty, to the perfection of vision ; and nature
could in no part have employed her pencil to so much advantage, because no part presents
itself so conspicuously to the observer, or communicates so great an effect to the whole aspect.

In plants, especially in the flowers of plants, the principle of beauty holds a still more
considerable place in their composition ; is still more confessed than in animals. Why, for
one instance out of a thousand, does the corolla of the tulip, when advanced to its size and
maturity, change its colour? The purposes, so far as we can see, of vegetable nutrition,
might have been carried on as well by its continuing green. Or, if this could not be, con-
sstently with the progress of vegetable life, why break into such a variety of colours?
This is no proper effect of age, or of declension in the ascent of the sap ; for that, like the
satumnal tints, would have produced one colour in one leaf, with marks of fading and
withering. It seems a lame account to call it, as it has been called, a disease of the plant.
Is it not more probable, that this property, which is independent, as it should seem, of the
wants and utilities of the plant, was calculated for beauty, intended for display ?

A ground, I know, of objection has been taken against this whole topic of argument,
namely, that there is no such thing as beauty at all ; in other words, that whatever is useful
and familiar, comes of course to be thought beautiful ; and that things appear to be so, only
by these alliance with these qualities. Our idea of beauty is capable of being in so great a
degree modified by habit, by fashion, by the experience of advantage or pleasure, and by
amociations arising out of that experience, that a question has been made, whether it be not
sltogether generated by these causes, or would have any proper existence without them. It
sems, however, a carrying of the conclusion too far, to deny the existence of the principle,
viz. a native capacity of perceiving beauty, on account of the influence, or of the varieties
proceeding from that influence, to which it is subject, seeing that principles the most acknow-
ledged are liable to be affected in the same manner. I should rather argue thus: The
question respects objects of sight. Now every other sense hath its distinction of agreeable
and dieagreeable. Some tastes offend the palate, others gratify it. In brutes and insects,
this distinction is stronger and more regular than in man. Every horse, ox, sheep, swine,
when at liberty to choose, and when in a natural state, that is, when not vitiated by habits
forced upon it, eats and rejects the same plants. Many insects which feed upon particular
plants, will rather die than change their appropriate leaf. All this looks like a determina-
tion in the sense itself to particular tastes. In like manner, smells affect the nose with sen-
utions pleasurable or disgusting. Some sounds, or compositions of sound, delight the ear:
others torture it. Ilabit can do much in all these cases (and it is well for us that it can;
for it is this power which reconciles us to many necessities) : but has the distinction, in the
mean time, of agreeable and disagreeable, no foundation in the sense itself? What is true
of the other senses, is most probably true of the eye (the analogy is irresistible), viz. that
there belongs to it an original constitution, fitted to receive pleasure from some impressions,

ad pain from others.

[ do not however know, that the argument which alleges beauty as a final cause, rests
upon this concession. We possess a sense of beauty, however we come by it. It in fact
exigts, Things are not indifferent to this sense ; all objects do not suit it ; many, which we
we, are ‘agreeable to it; many others disagrecable. It is certainly not the effect of habit
won the particular object, because the most agreeable objects are often the most rare;
many which are very common, continue to be offensive. If they be made supportable by
habit, it is all which habit can do; they never become agreeable. If this sense, therefore,
!’eaequired, it is a result ; the produce of numerous and complicated actions of external ob-
Jects upon the senses, and of the mind upon its sensations. With this result, there must be
3 certain congruity to enable any particular object to please; and that congruity, we con-
teud, is consulted in the aspect which is given to animal and vegetable bodies.

IV. The skin and covering of animals is that upon which their appearance chiefly de-
Pends; and it is that part which, perhaps, in all animals, is most decorated, and most free

impurities. But were beauty, or agrceablencss of aspect, entircly out of the question,
is another purposc answered by this integument, and by the collocation of the parts of
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the body beneath it, which is of still greater importance : and that purpose is concealment.
Were it possible to view through the skin the mechanism of our bodies, the sight would
frighten us out of our wits. *“Durst we make a single movement,” asks a lively French
writer, “or stir a step from the place we were in, if we saw our blood circulating, the
tendons pulling, the lungs blowing, the humours filtrating, and all the incomprehensible
assemblage of fibres, tubes, pumps, valves, currents, pivots, which sustain an existence at
once so frail, and so presumptuous ?”

V. Of animal bodies, considered as masses, there is another property, more curious than
it is generally thought to be ; which is the faculty of standing ; and it is more remarkable
in two-legged animals than in quadrupeds, and most of all, as being the tallest, and resting
upon the smallest base, in man. There is more, I think, in the matter than we are aware
of. The statue of a man, placed loosely upon its pedestal, would not be secure of standing
half an hour. You are obliged to fix its feet to the block by bolts and solder ; or the first
shake, the first gust of wind, is sure to throw it down. Yet this statue shall express all
the mechanical proportions of a living model. It is not therefore the mere figure, or merely
placing the centre of gravity within the base, that is sufficient. Either the law of gravita-
tion is suspended in favour of living substances, or something more is done for them, in order
to enable them to uphold their posture. There is no reason whatever to doubt, but that
their parts descend by gravitation in the same manner as those of dead matter. The gift
therefore appears to me to consist in a faculty of perpetually shifting the centre of gravity,
by a set of obscure, indeed, but of quick-balancing actions, so as to keep the line of direc-
tion, which is a line drawn from that centre to the ground, within its prescribed limits. Of
these actions it may be observed, first, that they in part constitute what we call strength.
The dead body drops down. The mere adjustment therefore of weight and pressure, which
may be the same the moment after death as the moment before, does not support the column.
In cases also of extreme weakness, the patient cannot stand upright. Secondly, that these
actions are only in a small degree voluntary. A man is seldom conscious of his voluntary
powers in keeping himself upon his legs. A child learning to walk is the greatest posture-
master in the world : but art, if it may be so called, sinks into habit; and he is soon able
to poise himself in a great variety of attitudes, without being sensible either of caution or
effort. But still there must be an aptitude of parts, upon which habit can thus attach; a
previous capacity of motions which the animal is thus taught to exercise: and the facility
with which this exercise is acquired, forms one object of our admiration. What parts are
principally employed, or in what manner each contributes to its office, is, as hath already
been confessed, difficult to explain. Perhaps the obscure motion of the bones of the feet
may have their share in this effect. They are put in action by every slip or vacillation of
the body, and seem to assist in restoring its balance. Certain it is, that this circumstance
in the structure of the foot, viz. its being composed of many small bones, applied to and
articulating with one another, by diversely shaped surfaces, instead of being made of one
piece, like the last of a shoe, is very remarkable. I suppose also that it would be difficult
to stand firmly upon stilts or wooden legs, though their base exactly imitated the figure
and dimensions of the sole of the foot. The alternation of the joints, the knee-joint bend-
ing backward, the hip-joint forward : the flexibility, in every direction, of the spine, espe-
cially in the loins and neck, appear to be of great moment in preserving the equilibrium of
the body. With respect to this last circumstance, it is observable, that the vertebree are so
confined by ligaments as to allow no more slipping upon their bases, than what is just
sufficient to break the shock which any violent motion may occasion to the body. A
certain degree also of temsion of the sinews appears to be essential to an erect posture ; for
it is by the loss of this, that tho dead or paralytic body drops down. The whole is a
wonderful result of combined powers, and of very complicated operations. Indeed, that
standing is not so simple a business as we imagine it to be, is evident from the strange
gesticulations of a drunken man, who has lost the government of the centre of gravity.

‘We have said that this property is the most worthy of observation in the Auman body :
but a bird resting upon its perch, or hopping upon a spray, affords no mean specimen of
the same faculty. A chicken runs off as soon as it is hatched from the egg ; yet a chicken,
considered geometrically, and with relation to its centre of gravity, its line of direction,
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and its equilibrium, is a very irregular solid. Is this gift, therefore, or instruction? May
it not be said to be with great attention, that nature hath balanced the body upon its pivots ?

I observe also in the same bird a piece of useful mechanism of this kind. In the trussing
of a fowl, upon bending the legs and thighs up towards the body, the cook finds that the
claws close of their own accord. Now let it be remembered, that this is the position of the
limbs, in which the bird rests upon its perch. And in this position it sleeps in safety; for
the claws do their office in keeping hold of the support, not by any exertion of voluntary
power, which sleep might suspend, but by the traction of the tendons in consequence of the
attitude which the legs and thighs take by the bird sitting down, and to which the mere
weight of the body gives the force that is necessary.

VI. Regarding the human body as a mass ; regarding the general conformations which
obtain in it ; regarding also particular parts in respect to those conformations; we shall be
led to observe what I call “ interrupted analogies.” The following are examples of what I
mean by these terms; and I do not know how such critical deviations can, by any possible
hypothesis, be accounted for without design.

1. AIl the bones of the body are covered with a periosteum, except the teeth, where it
ceases; and an enamel of ivory, which saws and files will hardly touch, comes into its
place. No one can doubt of the use and propriety of this difference; of the *analogy”
being thus “interrupted ;” of the rule, which belongs to the formation of the bones, stop-
ping where it does stop : for, had so exquisitely sensible a membrane as the periosteum in-
vested the teeth, as it invests every other bone of the body, their action, necessary exposure,
and irritation, would have subjected the animal to continual pain. General as it is, it was
not the sort of integument which suited the teeth; what they stood in neced of, wasa
strong, hard, insensible, defensive coat: and exactly such a covering is given to them, in
the ivory enamel which adheres to their surface.

2. The scarf-skin, which clothes all the rest of the body, gives way, at the extremities of the
toes and fingers, to nails. A man has only to look at his hand, to observe with what nicety
and precision that covering, which extends over every other part, is here superseded by a
different substance, and a different texture. Now, if either the rule had been necessary, or
the deviation from it accidental, this effect would not be seen. When I speak of the rule
being necessary, I mean the formation of the skin upon the surface being produced by a set
of causes constituted without design, and acting, as all ignorant causes must act, by a general
operation. Were this the case, no account could be given of the operation being suspended
at the fingers’ ends, or on the back part of the fingers, and not on the fore part. On the other
hand ; if the deviation were accidental, an error, an anomalism ; were it any thing else than
settled by intention ; we should meet with nails upon other parts of the body. They would
be scattered over the surface, like warts or pimples.

3. All the great cavities of the body are enclosed by membranes, except the skull. Why
thould not the brain be content with the same covering as that which serves for the other
principal organs of the body ? The heart, the lungs, the liver, the stomach, the bowels, have
all soft integuments, and nothing else. The muscular coats are all soft and membranous. 1

can see a reason for this distinction in the final cause, but in no other. The importance of
the brain to life (which experience proves to be immediate), and the extreme tenderness of its
substance, make a solid case more necessary for it than for any other part: and such a case
the hardness of the skull supplies. When the smallest portion of this natural casket is lost,
how carefully, yet how imperfectly, is it replaced by a plate of metal! If an anatomist
thould say, that this bony protection is not confined to the brain, but is extended along the
course of the spine, I answer, that he adds strength to the argument. If he remark, that
the chest also is fortified by bones; I reply, that I should have alleged this instance myself,
if the ribs had not appeared subservient to the purpose of motion as well as of defence.
What distinguishes the skull from every other cavity is, that the bony covering completely
surrounds its contents, and is calculated, not for motion, but solely for defence. Those hollows,
likewise, and inequalities which we observe in the inside of the skull, and which exactly fit
the folds of the brain, answer the important design of keeping the substance of the brain
steady, and of guarding it against concussions.
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CHAPTER XII

COMPARATIVE ANATOMY.

WHENEVER we find a general plan pursued, yet with such variations in it, as are, in each
case, required by the particular exigency of the subject to which it is applied, we possess, in
such a plan and such adaptation, the strongest cvidence that can be afforded of intelligence
and design ; an evidence which the most completely excludes every other hypothesis. If the
general plan proceeded from any fixed necessity in the nature of things, how could it accom-
modate itself to the various wants and uses which it had to serve under different circum-
stances, and on different occasions? Arkwright's mill was invented for the spinning of
cotton. We see it employed for the spinning of wool, flax, and hemp, with such modifica-
tions of the original principle, such variety in the same plan, as the texture of those different
materials rendered necessary. Of the machine’s being put together with design, if it were
possible to doubt, whilst we saw it only under one mode, and in one form; when we came to
observe it in its different applications, with such changes of structure, such additions and
supplements, as the special and particular use in each case demanded, we could not refuse
any longer our assent to the proposition,  that intelligence, properly and strictly so called
(including under that name, foresight, consideration, reference to utility), had been employed,
as well in the primitive plan, as in the several changes and accommodations which it is made
to undergo.”

Very much of this reasoning is applicable to what has been called Comparative Anatomy.
In their general cconomy, in the outlines of the plan, in the construction as well as offices of
their principal parts, there exists between all large terrestrial animals a close resemblance.
In all, life is sustained, and the body nourished, by nearly the same apparatus. The heart,
the lungs, the stomach, the liver, the kidneys, are much alike in all. The same fluid (for no
distinction of blood has been observed) circulates through their vessels, and nearly in the
same order. The same cause, therefore, whatever that cause was, has been concerned in the
origin, has governed the production, of these different animal forms.

‘When we pass on to smaller animals, or to the inhabitants of a different element, the
resemblance becomes more distant and more obscure ; but still the plan accompanies us.

And, what we can never enough commend, and which it is our business at present to
exemplify, the plan is attended, through all its varieties and deflections, by subserviences to
special occasions and utilities.

1. The covering of different animals (though whether I am correct in classing this under
their anatomy, I do not know) is the first thing which presents itself to our observation ; and
is, in truth, both for its variety and its suitableness to their several natures, as much to be
admired as any part of their structure. 'We have bristles, hair, wool, furs, feathers, quills,
prickles, scales; yet in this diversity both of material and form, we cannot change one
animal’s coat for another, without evidently changing it for the worse ; taking care however
to remark, that these coverings are, in many cases, armour as well as clothing ; intended for
_protection as well as warmth.

The kuman animal is the only one which is naked, and the only one which can clothe
itself. This is one of the properties which renders him an animal of all climates, and of all
seasons. e can adapt the warmth or lightness of his covering to the temperature of his
habitation. Had he been born with a fleece upon his back, although he might have been
comforted by its warmth in high latitudes, it would have oppressed him by its weight and
heat, as the species spread towards the equator.

What art, however, does for men, nature has, in many instances, done for those animals
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which are incapable of art. Their clothing, of its own accord, changes with their necessitics.
This is particularly the case with that large tribe of quadrupeds, which are covered with furs.
Every dealer in hare-skins and rabbit-skins, knows how much the fur is thickened by the
approach of winter. It scems to be a part of the same constitution and the same design,
that wool, in hot countries, degencrates, as it is called, but in truth (most happily for the
animal's ease) passes into hair; whilst, on the contrary, that hair, in the dogs of the polar
regions, is turned into wool, or something very like it. To which may be referred, what
naturalists have remarked, that bears, wolves, foxes, hares, which do not take the water, have
the fur much thicker on the back than the belly ; whereas in the beaver it is the thickest
upon the belly; as are the feathers in water-fowl. We know the final cause of all this;
and we know no other.

The covering of birds cannot escape the most vulgar observation. Its lightness, its smooth-
ness, its warmth ;—the disposition of the feathers all inclined backward, the down about
their stem, the overlapping of their tips, their different configuration in different parts, not
to mention the variety of their colours, constitute a vestment for the body, so beautiful, and
so appropriate to the life which the animal is to lead, as that, I think, we should have had
no conception of any thing equally perfect, if we had never seen it, or can now imagine any
thing more so. Let us suppose (what is possible only in supposition) a person who had
never seen a bird, to be presented with a plucked pheasant, and bid to set his wits to work,

how to contrive for it a covering which shall unite the qualities of warmth, levity, and least
resistance to the air, and the highest degree of each; giving it also as muck of beauty and -
ornament as he could afford. He is the person to behold the work of the Deity, in this part
of his creation, with the sentiments which are due to it *.

The commendation, which the general aspect of the feathered world seldom fails of exciting,
will be increased by farther examination. It is one of those cases in which the philosopher
has more to admire, than the common observer. Every feather is a mechanical wonder. If
we look at the quill, we find properties not easily brought together—strength and lightness.
I know few things more remarkable than the strength and lightness of the very pen with
which I am writing. If we cast our eye to the upper part of the stem, we sec a material,
made for the purpose, used in no other class of animals, and in no other parts of birds; tough,
light, pliant, elastic. The pith, also, which feeds the feather, is, amongst animal substanccs,
#13 generis ; neither bone, flesh, membrane, nor tendon +.

But the artificial part of the feather is the deard, or, as it is sometimes, I belicve, called,
the vane. By the beards are meant, what are fastened on each side of thc stem, and what
constitute the breadth of the feather ; what we usually strip off from one side or both, when

we make a pen. The separate pieces or laminm, of which the beard is composed, are called
threads, sometimes filaments, or rays. Now the first thing which an attentive observer will
remark is, how much stronger the beard of the feather shews itself to be, when pressed in a
direction perpendicular to its plane, than when rubbed, either up or down, in the line of the
stem ; and he will soon discover the structure which occasions this difference, viz. that the
laminse whereof -these beards are composed, are flat, and placed with their flat sides towards
each other; by which means, whilst they easily bend for the approaching of each other, as

® Even the chemical composition of feathers marks an requisite in the feathers of birds, It is remarkable

adaptation of means to an end. They are composed
almost entirely of albumen (white of egg) and are con-
sequently little affected by moisture. By the most long
continued boiling, Mr. Hatchett was unable to dissolve
them : henee the feathers of the water fowl are totally
unaffected by the divings, and other habits of the bird.
The very pen, with which I am writing, though it slightly
woftens, yet never dissolves in the ink. The effect of water
upon hair, on the contrary, is much more decisive ; in a con-
tinued and elevated temperature, as in a Papin’s digester,
it is entirely dissolved : every lady is aware of the con-
siderable effect of a moist atmosphere upon her curls,
bowever inoperative upon her ostrich feathers. Hair is
eomposed principally of gelatine (isinglass, glue, &ec.), and
is rarely required to withstand that degree of moisturo, so

that the composition of all descriptions of hair differs but
very slightly in whatever form it appears. Bristles, hair,
wool, and down, are not perceptibly different in compo-
sition ; these not being the ordinary clothing of the inhabi-
tants of the water, are not rendered insensible to moisture,
it is only in the instance of feathers that the demand
occurs, and the necessity is provided for by a change in

positi Vauquelin. Nich. Jour., xv. p. 141 ; Ber-
thollet. Ann. de Chim., v. 47, p. 267; Thomson, iv.
p- 483.

+ The quill part of a feather is composed of circular
and longitudinal fibres. In making a pen, you must
scrape off the coat of circular fibres, or the quill will
split in a ragged manner, making what boys call cal's
teeth.
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any one may perccive by drawing his finger ever so lightly upwards, they are much harder
to bend out of their plane, which is the direction in which they have to encounter the impulse
and pressure of the air, and in which their strength is wanted, and put to the trial.

This is one particularity in the structure of a feather: a second is still more extraordinary.
‘Whoever examines a feather, cannot help taking notice, that the threads or laminz of which
we have been speaking, in their natural state unite ; that their union is something more than
the mere apposition of loose surfaces ; that they are not parted asunder without some degree
of force ; that nevertheless there is no glutinous cohesion between them ; that, therefore, by
some mechanical means or other, they catch or clasp among themselves, thereby giving to the
beard or vane its closeness and compactness of texture. Nor is this all : when two laminz,
which have been scparated by accident or force, are brought together again, they immediately
reclasp : the connexion, whatever it was, is perfectly recovered, and the beard of the feather
becomes as smooth and firm as if nothing had happened to it. Draw your finger down the
feather, which is against the grain, and you break, probably, the junction of some of the con-
tiguous threads ; draw your finger up the feather, and you restore all things to their former
state. This is no common contrivance ; and now for the mechanism by which it is effected.
The threads or lamin above mentioned are ¢nterlaced with one another; and the interlacing
is performed by means of a vast number of fibres, or tecth, which the laminse shoot forth on
each side, which hook and grapple together. A friend of mine counted fifty of these fibres in
one-twentieth of an inch. These fibres are crooked ; but curved after a different manner :
for those which proceed from the thread on the side towards the extremity of the feather, arc
longer, more flexible, and bent downward; whereas those which proceed from the side
towards the beginning, or quill-end of the feather, are shorter, firmer, and turn upwards.
The process then which takes place is as follows : when two laminse are pressed together, so
that these long fibres are forced far enough over the short ones, their crooked parts fall into
the cavity made by the crooked parts of the others; just as the latch that is fastened to a
door, enters into the cavity of the catch fixed to the door-post, and there hooking itself,
Jastens the door ; for it is properly in this manncr, that one thread of a feather is fastened to
the other.

This admirable structure of the feather, which it is easy to see with the microscope, suc-
ceeds perfectly for the use to which nature has designed it; which use was, not only
that the lamine might be united, but that when one thread or lamina has been separated
from another by some external violence, it might be reclasped with sufficient facility and
expedition *.

In the ostrich, this apparatus of crotchets and fibres, of hooks and teeth, is wanting ; and
we see the consequence of the want. The filaments hang loose and separate from one
another, forming only a kind of dewn; which constitution of the feathers, however it may
fit them for the flowing honours of a lady’s head-dress, may be reckoned an imperfection in
the bird, inasmuch as wings, composed of these feathers, although they may greatly assist
it in running, do not serve for flight.

But under the present division of our subject, our business with feathers is, as they are
the covering of the bird. And herein a singular circumstance occurs. In the small order
of birds which winter with us, from a snipe downwards, let the external colour of the feathers
be what it will, their Creator has universally given them a bed of dlack down next their
bodies. Black, we know, is the warmest colour; and the purpose here is, to keep-in the
heat, arising from the heart and circulation of the blood. It is farther likewise remarkable,
that this is not found in larger birds; for which there is also a reason : — small birds are much
more exposed to the cold than large oncs; forasmuch as they present, in proportion to their
bulk, a much larger surface to the air. If a turkey were divided into a number of wrens
(supposing the shape of the turkey and the wren to be similar), the surface of all the wrens
would exceed the surface of the turkey, in the proportion of the length, breadth (or of
any homologous line), of a turkey to that of a wren; which would be, perhaps, a pro-

® The ahove account is taken from Memoirs for a Natural Ilistory of Animals, by the Royal Academy of Paris,
published in 1701, p. 219.
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portion of ten to one. It was necessary therefore, that small birds should be more
warmly clad than large ones: and this secms to be the expedient by which that cxigency
is provided for.

IL. In comparing different animals, I know no part of their structure which exhibits

greater variety, or, in that variety, a nicer accommodation to their respective conveniency,
than that which is scen in the different formation of their mouths. Whether the purpose be
the reception of aliment merely, or the catching of prey, the picking up of seeds, the crop-
ping of herbage, the extraction of juices, the suction of liquids, the breaking and grinding
of food, the taste of that food, together with the respiration of air, and, in conjunction with
it, the utterance of sound ; these various offices are assigned to this one part, and, in different
species, provided for, as they are wanted, by its different constitution. In the human
species, forasmuch as there are hands to convey the food to the mouth, the mouth is flat,
and by reason of its flatness, fitted only for reception ; whereas the projecting jaws, the
wide rictus, the pointed teeth of the dog and his affinities, enable them to apply their
mouths to sratck and seize the objects of their pursuit. The full lips, the rough tongue, the
corrugated cartilaginous palate, the broad cutting teeth of the ox, the deer, the horse, and
the sheep, qualify this tribe for browsing upon their pasture; either gathering large mouth-
fuls at once, where the grass is long, which is the case with the ox in particular; or biting
close, where it is short, which the horse and the sheep are able to do, in a degree that one
could hardly expect. The retired under-jaw of a swine works in the ground, after the pro-
truding snout, like a prong or plough-share, has made its way to the roots upon which it
feeds. A conformation so happy, was not the gift of chance.
. In birds, this organ assumes a new character ; new both in substance and in form ; but in
both, wonderfully adapted to the wants and uses of a distinct mode of existence. We have
no longer the fleshy lips, the teeth of enamelled bone ; but we have, in the place of these two
parts, and to perform the office of both, a hard substance (of the same nature with that which
composes the nails, claws, and hoofs, of quadrupeds), cut out into proper shapes, and mecha-
nically suited to the actions which are wanted. The sharp edge and tempered point of the
sparrow’s bill picks almost every kind of seed from its concealment in the plant ; and not
only so, but hulls the grain, breaks and shatters the coats of the seed, in order to get at the
kernel. The hooked beak of the hawk-tribe separates the flesh from the bones of the ani-
mals which it feeds upon, almost with the cleanness and precision of a dissector’s knife. The
butcher-bird transfixes its prey upon the spike of a thorn, whilst it picks its bones. In some
birds of this class, we have the cross-bill, i. e. both the upper and lower bill hooked, and their
tipe crossing. The spoon-bill enables the goose to graze, to collect its food from the bottom of
pools, or to seek it amidst the soft or liquid substances with which it is mixed. The long taper-
ing bill of the snipe and woodcock, penetrates still deeper into moist earth, which is the bed
in which the food of that species is lodged. This is exactly the instrument which the animal
wanted. It did not want strength in its bill, which was inconsistent with the slender form
of the animal’s neck, as well as unnecessary for the kind of aliment upon which it subsists ;
but it wanted length to reach its object.

Baut the species of bill which belongs to the birds that live by suction, deserves to be described
in its particular relation to that office. They are what naturalists call serrated or dentated
bills; the inside of them, towards the edge, being thickly set with parallel or concentric rows
of short, strong, sharp-pointed prickles. These, though they should be called teeth, are not
for the purpose of mastication, like the teeth of quadrupeds; nor yet, as in fish, for the
seizing and retaining of their prey ; but for a quite different use. They form a filtre. The
duck by means of them discusses the mud ; examining with great accuracy the puddle, the
brake, every mixture which is likely to contain her food. The operation is thus carried on :—
The liquid or semi-liquid substances, in which the animal has plunged her bill, she draws, by
the action of her lungs, through the narrow interstices which lie between these teeth ; catch-
ing, as the stream passes across her beak, whatever it may happen to bring along with it,
that proves agreeable to her choice, and easily dismissing all the rest. Now, suppose the
purpose to have been, out of a mass of confused and heterogeneous substances, to scparate for
the use of the animal, or rather to enable the animal to separate for its own, those few par-
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ticles which suited its taste and digestion ; what more artificial, or more commodious, instru-
ment of selection, could have been given to it, than this natural filtre? Tt has been
observed also (what must enable the bird to choose and distinguish with greater acute-
ness, as well, probably, as what greatly increases its luxury), that the bills of this species
are furnished with large nerves,—that they are covered with a skin,—and that the
nerves run down to the very extremity. In the curlew, woodcock, and snipe, there are
three pairs of nerves, equal almost to the optic nerve in thickness, which pass first along
the roof of the mouth, and then along the upper chap down to the point of the bill, long as
the bill is.

But to return to the train of our observations—The similitude between the bills of birds
and the mouths of quadrupeds is exactly such, as for the sake of the argument, might be
wished for. It is ncar enough to shew the continuation of the same plan: it is remote
enough to exclude the supposition of the difference being produced by action or use. A more
prominent contour, or a wider gape, might be resolved into the effect of continued efforts, on
the part of the species, to thrust out the mouth, or open it to the stretch. But by what
course of action, or excrcise, or endeavour, shall we get rid of the lips, the gums, the teeth;
and acquire, in the place of them, pincers of hom? By what habit shall we so completely
change, not only the shape of the part, but the substance of which it is composed ? The truth
is, if we had seen no other than the mouths of quadrupeds, we should have thought no other
could have been formed: little could we have supposed, that all the purposes of a mouth,
furnished with lips, and armed with teeth, could be answered by an instrument which had
none of these; could be supplied, and that with many additional advantages, by the hard-
ness, and sharpness, and figure, of the bills of birds. Every thing about the animal mouth is
mechanical. The teeth of fish have their points turned backward, like the teeth of a wool or
cotton card. The teeth of lobsters work one against another, like the sides of a pair of
shears. In many insects, the mouth is converted into a pump or sucker, fitted at the end
sometimes with a wimble, sometimes with a forceps; by which double provision, viz. of the
tube, and the penctrating form of the point, the insect first bores through the integuments of
its prey, and then extracts the juices. And, what is most extraordinary of all, one sort of
mouth, as the occasion requires, shall be changed into another sort. The caterpillar could not
live without teeth ; in several species, the butterfly formed from it could not use them. The
old teeth therefore are cast off with the exuvie of the grub; a new and totally different
apparatus assumes their place in the fly. Amid these novelties of form, we sometimes forget
that it is, all the while, the animal’s moutk ; that, whether it be lips, or tecth, or bill, or beak,
or shears, or pump, it is the same part diversified : and it is also remarkable, that, under all the
varieties of configuration with which we are acquainted, and which are very great, the
organs of taste and smelling are situated near each other.

III. To the mouth adjoins the gullet: in this part also, comparative anatomy discovers a
difference of structure, adapted to the different neccssities of the animal. 1In brutes, because
the posture of their neck conduces little to the passage of the aliments, the fibres of the gullet,
which act in this business, run into close spiral lines, crossing each other : in men, these fibres
run only a little obliquely from the upper end of the cesophagus to the stomach, into which,
by a gentle contraction, they easily transmit the descending morsels; that is to say, for the
more laborious deglutition of animals, which thrust their food up instead of down, and also
through a longer passage, a proportionably more powerful apparatus of muscles is provided ;
more powerful, not merely by the strength of the fibres, which might be attributed to the
greater exercise of their force, but in their collocation, which is a determinate circumstance,
and must have been original.

IV. The gullet leads to the intestines; here, likewise, as before, comparing quadrupeds
with man, under a general similitude we meet with appropriate differences. The valonl=
conniventes, or, as they are by some called, the semilunar valves, found in the human intes-
tine, are wanting in that of brutes. These are wrinkles or plates of the innermost coat of
the guts, the cffect of which is to retard the progress of the food through the alimentary cana.
It is easy to understand how much more nccessary such a provision may be to the body of
an animal of an erect posture, and in which, consequently, the weight of the food is added to
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the action of the intestine, than in that of a quadruped, in which the course of the food, from
its entrance to its exit, is nearly horizontal : but it is impossible to assign any cause, except
the final cause, for this distinction actually taking place. So far as depends upon the action
of the part, this structuro was more to be expccted in a quadruped than in a man. In truth,
it must in both have been formed, not by action, but in direct opposition to action and to
pressure ; but the opposition which would arise from pressure, is greater in the upright trunk
than in any other. That theory therefore is pointedly contradicted by the example before
us. The structure is found where its generation, according to the method by which the
theorist would have it generated, is the most difficult; but (obserce) it is found where its
effect is moet useful *. '

The different length of the intestines in carnivorous and herbivorous animals, has been
noticed on a former occasion. The shortest, I believe, is that of some birds of prey, in
which the intestinal canal is little more than a straight passage from the mouth to the vent.
The longest is in the deer-kind. The intestines of a Canadian stag, four feet high, measured
ninety-six feet . The intestines of a sheep, unravelled, measured thirty times the length of
the body. The intestine of a wild cat is only three times the length of the body. Univer-
sally, where the substance upon which the animal feeds is of slow concoction, or yields its
chyle with more difficulty, there the passage is circuitous and dilatory, that time and space
may be allowed for the change and the absorption which are necessary. Where the food is
soon dissolved, or already half assimilated, an unnecessary or, perhaps, hurtful detention is
avoided, by giving to it a shorter and a readicr route.

Y. In comparing the bones of different animals, we are struck, in the bones of birds, with
a proprieay, which could only proceed from the wisdom of an intelligent and designing
Creator. In the bones of an animal which is to fly, the two qualities required arc strength
and lightness. Wherein, therefore, do the bones of birds (I speak of the cylindrical bones)
differ, in these respects, from the bones of quadrupeds? In three properties: first, their
cavities are much larger in proportion to the weight of the bone, than in those of quadrupeds ;
secondly, these cavities are empty ; thirdly, the shellis of a firmer texture than the substance
of other bones. It is easy to observé these particulars, even in picking the leg or wing of a
chicken. Now, the weight being thesame, the diameter, it is evident, will be greater in a
hollow bone than in a solid one, and with the diameter, as every mathematician can prove,
is increased, caleris paribus, the strength of the cylinder, or its resistance to breaking. In
2 word, a bone of the sams weight would not have been so strong in any other form ; and, to
have made it heavier, would have incommoded the animal’s flight. Yet this form could not
be acquired by use, or the bone become hollow or tubular by exercise. What appetency
could excavate a bone? :

VL. The lungs also of birds, as compared with the lungs of quadrupeds, contain in them
3 provision, distinguishingly calculated for this same purpose of levitation ; namely, a com-
munication (not found in other kinds of animals) between the air-vessels of the lungs and
the cavities of the body: so that by the intromission of air from one to the other (at the
will, as it should seem, of the animal), its body can be occasionally puffed out, and its ten-
dency to descend in the air, or its specific gravity, madeless. The bodies of birds are blown
up from the lungs (which no other animal bodies are), and thus rendered buoyant.

VIL. All birds are oviparous. This likewise carrics on the work of gestation with as little
increase as possible of the weight of the body. A gravid uterus would have been a trouble-
some burden to a bird in its flight. The advantage, in this respect, of an oviparous procre-
ation, ig, that, whilst the whole brood are hatched together, the eggs are excluded singly,
and at considerable intervals. Ten, fifteen, or twenty young birds may be produced in one

® Sir Everard Home, in a paper on the digestive organs land, where the food is more scanty, the glands and giz-
of Virds, has dem. ted how admirably they are varied zard are larger, and the entrails shorter. In one of tho
ad adspted to the situation iu which they are placed. same epecies in the deserts of Africa, where food is still
the cassowary of Java, one of the most fertile more scaice, the glands and gizzard are proportionately
ialands in tlie world, where food consequently is abundant, enlarged, and the entrails diminished.—Phil. Trans. 1818,
b small digestive glands, s small , and an enor- + Mem, Acad. Paris, 1701, p. 170.
mow lougth of entrsils. In the cassowary of New Hol.

n



98 NATURAL THEOLOGY.

cletch or covey, yet the parent bird have never been encumbered by the load of more than
one full-grown egg at one time.

VIII. A principal topic of comparison between animals, is, in their instruments of motion.
These come before us under three divisions ; feet, wings, and fins. I desire any man to say,
which of the three is best fitted for its use; or whcther the same consummate art be not
conspicuous in them all. The constitution of the clements, in which the motion is to be
performed, is very different. The animal action must necessarily follow that constitution.
The Creator therefore, if we might so speak, had to prepare for different situations, for
different difficulties ; yet the purpose is accomplished not less successfully in one case than
in the other. And, as between wings and the corresponding limbs of quadrupeds, it is
accomplished without deserting the general idea. The idea is modified, not deserted. Strip
a wing of its feathers, and it bears no obscure resemblance to the fore-leg of a quadruped.
The articulations at the shoulder and the cubitus are much alike; and, what is a closer
circumstance, in both cases the upper part of the limb consists of a single bone, the lower
part of two. .

But, fitted up with its furniture of feathers and quills, it becomes a wonderful instrument,
more artificial than its first appearance indicates, though that be very striking : at least, the
use, which the bird makes of its wings in flying, is more complicated, and more curious, than
is generally known. One thing is certain, that if the flapping of the wings in flight were
no more than the reciprocal motion of the same surface in opposite directions, cither upwards
and downwards, or estimated in any oblique line, the bird would lose as much by one motion,
as she gained by another. The sky-lark could never ascend by such an action as this: for,
though the stroke upon the air by the underside of her wing would carry her up, the stroke
from the upperside, when she raised her wing again, would bring her down. In order,
therefore, to account for the advantage which the bird derives from her wing, it is necessary
to suppose, that the surface of the wing, mecasured upon the same plane, is contracted, whilst
the wing is drawn up ; and let out to its full expansion, when it descends upon the air for
the purpose of moving the body by the reaction of that element. Now the form and struc-
ture of the wing, its external convexity, the disposition, and particularly the overlapping, of
its larger feathers, the action of the muscles, and joints of the pinions, are all adapted to this
alternate adjustment of its shape and dimensions. Such a twist, for instance, or semirotatory
motion, is given to the great feathers of the wing, that they strike the air with their flat
side, but risc from the stroke slantwise. The turning of the oar in rowing, whilst the rower
advances his hand for a new stroke, is a similar operation to that of the feather, and takee
its name from the resemblance. I believe that this faculty is not found in the great feathers
of the tail. This is the place also for observing, that the pinions are so set upon the body;
as to bring down the wings not vertically, but in a direction obliquely tending towards the
tail ; which motion, by virtue of the common resolution of forces, does two things at the
same time ; supports the body in tho air, and carries it forward. The steerage of a bird in
its flight is effected partly by the wings, but in a principal degree by the tail. And herein
we mect with a circumstance not a little remarkable. Birds with long legs have short tails;
and, in their flight, place their legs close to their bodies, at the same time stretching them
out backwards, as far as they can. In this position, the legs extend beyond the rump, and
become the rudder; supplying that stcerage which the tail could not.

From the wings of birds, the transition is easy to the fins of fish. They are both, to their
respective tribes, the instruments of their motion ; but, in the work which they have to do,
there is a considerable diffcrence, founded in this circumstance. Fish, unlike birds, have very
nearly the same specific gravity with the clement in which they move. In the case of fish,
therefore, there is little or no weight to bear up; what is wanted, is only an impulse suffi-
cient to carry the body through a resisting medium, or to maintain the posture, or to support
or restore the balance of the body, which is always the most unsteady where there is no
weight to sink it. For these offices, the fins are as large as necessary, though much smaller
than wings, their action mechanical, their position, and the muscles by which they are
moved, in the highest degree convenicnt. The following short account of some experiments
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upon fish, made for the purpose of ascertaining the use of their fins, will be the hest con-
firmation of what we assert. In most fish, beside the great fin the tail, we find two pairs
of fins upon the sides, two single fins upon the back, and one upon the belly, or rather
between the belly and the tail. The dalancing use of these organs is proved in this manner.
Of the large-headed fish, if you cut off the pectoral fins, i. e. the pair which lies close behind
the gills, the head falls prone to the bottom : if the right pectoral fin only be cut off, the
fish leans to that side; if the ventral fin on the same side be cut away, then it loscs its
equilibrium entirely : if the dorsal and ventral fins be cut off, the fish reels to the right and
left. When the fish dies, that is, when the fins cease to play, the belly turns upwards.
The use of the same parts for motion is seen in the following observation upon them when
put in action. The pectoral, and more particularly the ventral fins, serve to raise and depress
the fish ; when the fish desires to have a retrograde motion, a stroke forward with the pec-
toral fin effectually produces it ; if the fish desirc to turn cither way, a single blow with
the tail the opposite way, sends it round at once : if the tail strike both ways, the motion
produced by the double lash is progressize, and enables the fish to dart forwards with
an astonishing velocity®. The result is, not only, in some cases, the most rapid, but, in
all cases, the most gentle, pliant, easy, animal motion, with which we are acquainted.
However, when the tail is cut off, the fish loses all motion, and gives itself up to where
the water impels it. The rest of the fins, therefore, so far as respects motion, seems to be
merely subsidiary to this. In their mechanical use, the anal fin may be reckoned the keel ;
the ventral fins, out-riggers; the pectoral muscles, the oars; and if there be any similitude
between these parts of a boat and a fish, observe, that it is not the resemblance of imitation,
but the likeness which arises from applying similar mechanical means to the same purpose.

We have scen that the tai/ in the fish is the great instrument of motion. Now, in
cetaceous or warm-blooded fish, which are obliged to rise every two or three minutes to the
smrface to take breath, the tail, unlike what it is in other fish, is horizontal ; its stroke,
consequently, perpendicular to the horizon, which is the right direction for sending the fish
to the top, or carrying it down to the bottom.

ing animals in their instruments of motion, we have only followed the comparison

through the first great division of animals into beasts, birds, and fish. If it were our
intention to pursue the consideration farther, I should take in that generic distinction
amongst birds, the web-foot of water-fowl. It is an instance which may be pointed out to
s child. The utility of the wcb to water-fowl, the inutility to land-fowl, are so obvious,
that it seems impossible to notice the difference without acknowledging the design. I am
at a loss to know, how those, who deny the agency of an intelligent Creator, dispose of this
example. There is nothing in the action of swimming, as carried on by a bird upon the
surface of the water, that should generate a membrane between the toes. As to that
membrane, it is an exercisc of constant resistance. The only supposition I can think of is,
that all birds have been originally water-fowl, and web-footed ; that sparrows, hawks,
linnets, &c. which frequent the land, have, in process of time, and in the course of many
generations, had this part worn away by hard ground. Tosuch evasive assumptions must
atheism always have recourse ! and, after all, it confesses that the structure of the feet of
birds, in their original form, was critically adapted to their original destination! The
web-feet of amphibious quadrupeds, scals, otters, &c. fall under the same observation+.

¢ Goldamith, Hist. of An. Nat. Vol. vi. p. 151.

4+ Sir Everard Homo very justly remarke, that the
means of motion are so various in animals, and so per-
feetly adapted to the particular circumstances of the animal,
2 to excite the highest admiration of the power, skill, aud
vwisdom of the Creator.

A few instances will suffico :—

Sailing is exemplified by the Portuguese man.of-war
(Holothuris physalis). The body of this molluscous ani-
mal fleats on the surface of the sea, from which it raises,
ot ploasure, sa oval beg to catch the favouring breeze, and
is thus wafted to new localities.

Rowing is 2 mode of transport familiar to all aquatic

fowls, and some animals. Their fecet aro webbed, the
better to enable them to present a resisting surface to the
watcr ; yet are of a mechanism superior to artificial paddles,
because, as soon as the cxpanded foot has pressed back to
the extent of its stroke, the toes collapse, and whilst drawn
forward to repcat the propelling effort, prescut o very small
surface to the opposing water. Every mcans are super-
added to facilitate the passage of these aquatics through
the liquid in which they swim, the water glides over their
surfaces without adhering : the duck and the beaver aro
not even damp when they emerge.

Flying is facilitated by appropriato peculiar apparatus.
Birds bavo the power of inflating their boncs, and cven the

n2
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IX. The fice senses are common to most large animals; nor have we much difference
to remark in their constitution, or much, however, which is referable to mechanismn.

The superior sagacity of animals which hunt their prey, and which, consequently, depend
for their livelihood upon their nose, is well known in its use ; but not at all known in the
organization which produces it.

The external ears of beasts of prey, of lions, tigers, wolves, have their trumpet-part, or
concavity, standing forwards, to scize the sounds which are before them, viz. the sounds
of the animals which they pursuc or watch. The ears of animals of flight are turned
backward, to give notice of the approach of their enemy from behind, whence he may
steal upon them unscen. This is a critical distinction, and is mechanical ; but it may be
suggested, and I think, not without probability, that it is the effect of continual habit.

The eyes of animals which follow their prey by night, as cats, owls, &c. possess a faculty
not given to those of other species, namely, of closing the pupil entirely. The final cause of
which seems to be this :—It was necessary for such animals to be able to descry objects with
very small degrees of light. This capacity depended upon the superior sensibility of the
retina ; that is, upon its being affected by the most fecble impulses. But that tenderness of
structure, which rendered the membrane thus exquisitely sensible, rendered it also liable to
be offended by the access of stronger degrees of light. The contractile range therefore of the
pupil is increased in these animals, so as to enable them to close the aperture entirely, which
includes the power of diminishing it in every degree; whereby at all times such portions,
and only such portions, of light arc admitted, as may be received without injury to the
sense.

There appears also in the figure, and in some properties of the pupil of the eye, an appro-
priate relation to the wants of different animals. In horses, oxen, goats, sheep, the pupil of
the eye is elliptical ; the transverse axis being horizontal ; by which structure, although the
eye be placed on the side of the head, the anterior elongation of the pupil catches the forward
rays, or those which come from objects immediately in front of the animal’s face.

' CHAPTER XIII.

PECULIAR ORGANIZATIONS.

I BeLIEvE that all the instances which I shall collect under this title, might, consistently
enough with technical language, have been placed under the head of Comparative Anatomy.
But there appears to me an impropriety in the use which that term hath obtained ; it being,
in some sort, absurd to call that a case of comparative anatomy, in which there is nothing to
¢ compare ;” in which a conformation is found in one animal, which hath nothing properly
answering to it inanother. Of this kind are the examples which I have to propose in the
present chapter ; and the reader will see that, though some of them be the strongest, perhaps,
he will meet with under any division of our-subject, they must necessarily be of an uncon-
nected and miscellancous nature. To dispose them, however, into some sort of order, we
will notice, first, particularities of structure which belong to quadrupeds, birds, and fish, as

abdominal cavity, by means of openings communicating
with their lungs; and this internal air, when heated by
their natural warmth, tends to render them specifically
lighter than the atmosphere. Every quill is similarly
ijnflated. The concave form of the wing is adapted to
raising the bitd perpendicularly ; its down strokes present
a more resisting form than when it is raised.

Creeping and walking huve their curious attendant

of man are to those of the divine Architect, is shown by
the superior speed of a fish or a water-fowl to every ves-
sel that he can construct: all the powers of the most
powerful steam-boat are unequal to the speed of a stickle-
back or a sprat: by no well-contrived paddle-wheel can
the engincer equal the comparative power exerted in a
fish's tail, or even in the web foot of a water-fowl : and
the superiority of nature in the race is not confined to one
1 t; the fastest railway engine is left behind by the

phenomena; but many of them have incidentally becu
mentioned in other pages.
How incomparably inferior the sci and the ingenuity

race horse ; the balloon, even in a gale, cannot compete
with a swallow,
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such, or to many of the kinds inclnded in these classes of animals; and then, such particu-
larities as are confined to one or two specics.

I. Along cach side of the neck of large quadrupeds, runs a stiff, robust, cartilage, which
butchers call the pax-wax. No person can carve the upper end of a crop of beef with-
out driving his knife against it. It is a tough, strong, tendinous snbstance, braced from
the head to the middle of the back : its office is to assist in supporting the weight of the
head. Itis a mechanical provision, of which this is the undisputed use ; and it is suffi-
cient, and not more than sufficient, for the purpose which it has to exccute. The head of
an ox or a horse is a heavy weight, acting at the end of a long lever (consequently with a
great purchase), and in a direction nearly perpendicular to the joints of the supporting neck.
From such a force, so advantageously applied, the bones of the neck would be in constant
danger of dislocation, if they were not fortified by this strong tape. No such organ is found
in the human subject, because, from the ercct position of the head (the pressure of it acting
nearly in the direction of the spine), the junction of the vertebras appears to be sufficiently
secure without it. This cautionary expedient, therefore, is limited to quadrupeds: the care
of the Creator is seen where it is wanted. .

1I. The oil with which dirds prune their feathers, and the organ which supplies it, is a
specific provision for the winged creation. On each side of the rump of birds, is observed a
small nipple, yiclding upon pressure a butter-like substance, which the bird extracts by
pinching the pap with its bill. 'With this oil, or ointment, thus procured, the bird dresses
its coat; and repeats the action as often as its own sensations teach it that it is in any part
wanted, or as the excretion may be sufficient for the expense. The gland, the pap, the
nature and quality of the excreted substance, the manner of obtaining it from its lodgment
in the body, the application of it when obtained, form, collectively, an evidence of inten-
tion which it is not casy to withstand. Nothing similar to it is found in unfeathered
animals. What blind conatus of nature should produce it in birds; should not produce it in
beasts ?

I11. The air-bladder also of a fisk affords a plain and direct instance, not only of con-
trivance, but strictly of that species of contrivance which we denominate mechanical. It is
a philosophical apparatus in the body of an animal. The principle of the contrivance is
clear : the application of the principle is also clear. The use of the organ to sustain, and, at
will, also to elevate, the body of the fish in the water, is proved by observing, what has
been tried, that, when the bladder is burst, the fish grovels at the bottom; and also, that
flounders, soles, skates, which are without the air-bladder, seldom rise in the water, and that

with effort. The manner in which the purpose is attained, and the suitableness of the
means to the end, are not difficult to be apprehended. The rising and sinking of a fish in
water, so far as it is independent of the stroke of the fins and tail, can only be regulated by
the specific gravity of the body. When the bladder, contained in the body of the fish, is
ontracted, which the fish probably posscsses a muscular power of doing, the bulk of the fish
is contracted along with it ; whereby, since the absolute weight remains the same, the spe-
dfic gravity, which is the sinking force, is increased, and the fish descends : on the contrary,
when, in consequence of the relaxation of the muscles, the elasticity of the enclosed and now
compressed air restores the dimensions of the bladder, the tendency downwards becomes pro-
portionably less than it was before, or is turned into a contrary tendency. These are known
properties of bodies immersed in a fluid. The enamelled figures, or little glass bubbles, in a
jar of water, are made to rise and fall by the same artifice. A diving machine might be
made to ascend and descend, upon the like principle; namely, by introducing into the
inside of it an air-vessel, which, by its contraction, would diminish, and by its distension

the bulk of the machine itself, and thus render it specifically heavier or specifically
lighter, than the water which surrounds it. Suppose this to be done, and the artist to solicit
a patent for his invention : the inspectors of the model, whatever they might think of the
use or value of the contrivance, could by no possibility entertain a question in their minds,
whether it were a contrivance or not. No reason has ever been assigned,—no rcason can
be aseigned, why the conclusion is not as certain in the fish, as it is in the machine ; why the
argument is not as firm in one case as the other.
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It would be very worthy of inquiry, if it were possible to discover, by what method an
animal which lives constantly in water, is able to supply a repository of air. The expedient,
whatever it be, forms part, and perhaps the most curious part, of the provision. Nothing
similar to the air-bladder is found in land animals; and a life in the water has no natural
tendency to produce a bag of air. Nothing can be farther from an acquired organization
than this is.

These examples mark the attention of the Creator to the three great kingdoms of his ani-
mal creation, and to their constitution as such.—The example which stands next in point
of generality, belonging to a large tribe of animals, or rather to various species of that tribe,
is the poisonous tooth of serpents.

1. The fang of the viper is a clear and curious example of mechanical contrivance. Itisa
perforated tooth, loosc at the root : in its quiet state lying down flat upon the jaw, but
furnished with a muscle, which, with a jerk, and by the pluck, as it were, of a string, sud-
denly erects it. Under the tooth, close to its root, and communicating with the perforation,
lies a small bag containing the venom. When the fang is raised, the closing of the jaw
Ppresses its root against the bag underneath ; and the force of this compression sends out the
fluid with a considerable impetus through the tube in the middle of the tooth. 'What more
unequivocal or effectual apparatus could be devised for the double purpose of at once inflict-
ing the wound and injecting the poison? Yet, though lodged in the mouth, it is so con-
stituted, as, in its inoffensive and quiescent state, not to interfere with the animal’s ordinary
office of receiving its food. It has been observed also, that none of the harmless serpents,
the black snake, the blind worm, &c. have these fangs, but tecth of an equal size ; not
moveable, as this is, but fixed into the jaw.

II. In being the property of several different species, the preceding example is resembled
by that which I shall next mention, which is the dag of the opossum. This is a mechanical
contrivance, most properly so called. The simplicity of the expedient renders the con-
trivance more obvious than many others, and by no means less certain. A false skin under
the belly of the animal, forms a pouch, into which the young litter are received at their
birth; where they have an casy and constant access to the teats; in which they are tran-
sported by the dam from place to place; where they are at liberty to run in and out; and
where they find a refuge from surprise and danger. It is their cradle, their asylum, and the
machine for their conveyance. Can the use of this structure be doubted of ? Nor is it a
mere doubling of the skin; but it is a new organ, furnished with bones and muscles of its
own. Two bones are placed before the os pubis, and joined to that bone as their base.
These support, and give a fixture to, the muscles which serve to open the bag. To these
muscles there arc antagonists, which serve in the same manner to shut it; and this office
they perform so exactly, that in the living animal the opening can scarcely be discerned,
except when the sides are forcibly drawn asunder®*. Is there any action in this part of the
animal, any process arising from that action, by which thesec members could be formed ? any
account to be given of the formation, except design?

II1. As a particularity, yet appertaining to more species than one; and also as strictly
mechanical ; we may notice a circumstance in the structure of the claws of certain birds.
The middle claw of the heron and cormorant is toothed and notched like a saw. These
birds are great fishers, and thesc notches assist them in holding their slippery prey. The
usc is evident ; but the structure such, as cannot at all be accounted for by the effort of the
animal, or the exercise of the part. Some other fishing birds have these notches in their
bills ; and for the same purpose. The ganet, or Soland goose, has the side of its bill irregu-
larly jagged, that it may hold its prey the faster. Nor can the structure in this, more than
in the former case, arise from the manner of employing the part. The smooth surfaces, and
soft flesh of fish, were less likely to notch the bills of birds, than the hard bodies upon which
many other species feed.

We now comne to particularitics strictly so called, as being limited to a single specics of
animal, Of these, I shall take one from a quadruped, and one from a bird.

® Goldsmith, Nat. Hist. vol, iv. p. 244,
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I. The stomack of the camel is well known to retain large quantities of water, and to
retain it unchanged for a considerable length of time. This property qualifies it for living
in the desert. Let us see, therefore, what is the internal organization, upon which a faculty
%o rare, and so beneficial, depends. A number of distinct sacs or bags (in a dromedary
thirty of these have been counted), are observed to lie between the membranes of the second
stomach, and to open in the stomach near the top by small square apertures. Through these
orifices, after the stomach is full, the annexed bags are filled from it: and the water so
deposited 1is, in the first place, not liable to pass into the intestines; in the second place, is
kept separate from the solid aliment ; and, in the third place, is out of the reach of the
digestive action of the stomach, or of mixture with the gastric juice. It appears probable,
or rather certain, that the animal, by the conformation of its muscles, possesses the power
of squeezing back this water from the adjacent bags into the stomach, whenever thirst
excites it to put this power in action.

II. The torgue of the woodpecker is one of those singularities, which nature presents us
with, when a singular purpose is to be answered. It is a particular instrument for a par-
ticular use; and what, except design, ever produces such? The woodpecker lives chiefly
upon insects, lodged in the bodies of decayed or decaying trees. For the purpose of boring
into the wood, it is furnished with a bill straight, hard, angular, and sharp. When, by
means of this piercer, it has reached the cells of the insects, then comes the office of its
tongue ; which tongue is, first, of such a length that the bird can dart it out three or four
inches from the bill,—in this respect differing greatly from cvery other species of bird; in
the second place, it is tipped with a stiff, sharp, bony thorn ; and, in the third place (which
appears to me the most remarkable property of all), this tip is dentated on both sides, like
the beard of an arrow or the barb of a hook. The description of the part declares its uses.
The bird, having exposed the retreats of the insects by the assistance of its bill, with a
motion inconceivably quick, launches out at them this long tongue ; transfixes them upon
the barbed needle at the end of it; and thus draws its prey within its mouth. If this be
not mechanism, what is? Should it be said, that, by continual endeavours to shoot out the
tongue to the stretch, the woodpecker species may by degrees have lengthened the organ
iteelf, beyond that of other birds, what account can be given of its form, of its tip? how, in
particular, did it get its barb, its dentation? These barbs, in my opinion, wherever they
occur, are decisive proofs of mechanical contrivance.

II1. I shall add one more example, for the sake of its novelty. It is always an agrecable
discovery, when, having remarked in an animal an extraordinary structure, we come at
length to find out an unexpected use for it. The following narrative furnishes an instance
of this kind. The babyrouessa, or Indian hog, a species of wild boar, found in the East
Indies, has two bent tecth, more than half a yard long, growing upwards, and (which is the
singularity) from the upper jaw. These instruments are not wanted for offence : that ser-
vice being provided for by two tusks issuing from the upper jaw, and resembling those of
the common boar: nor does the animal use them for defence. They might seem therefore
to be both a superfluity and an encumbrance. But observe the event: the animal slecps
standing ; and, in order to support its head, hooks its upper tusks upon the branches of
trees®.

® More sccurate obeervations have proved, that in this to those with which we are acquainted, and it has been
trifling instance Paley was misled by his authority ; tho suggested that they may be intended to guard the head of
Indian Hog not being in the babit of reposing in the way the animal from tho hard and thick brush-wood, as it
thus described. rushes through the forests, the most impervious parts of
Its tusks age adapted most probably to other uses than  which it iuhabits.
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CHAPTER XIV.
PROSPECTIVE CONTRIVANCES.

I caN hardly imagine to myself a more distinguishing mark, and, consequently, a more
certain proof of design, than preparation, i. e. the providing of things beforehand, which are
not to be used until a considerableMime aftcrward : for this implies a contemplation of the
future, which belongs only to intelligence.

Of these prospective contrivances, the bodies of animals furnish various examples.

I. The human teceth afford an instance, not ouly of prospective contrivance, but of the
completion of the contrivance being dcsignedly suspended. They are formed within the
gums, and there they stop; the fact being, that their farther advance to maturity would not
only be useless to the mew-born animal, but extremely in its way; as it is evident that
the act of sucking, by which it is for some time to be nourished, will be performed with
more case both to the nurse and to the infant, whilst the inside of the mouth, and edges of
the gums, arc smooth and soft, than if set with hard pointed bones. By the time they are
wanted, the teeth are recady. They have been lodged within the gums for some months
past, but detained, as it were, in their sockets, so long as their farther protrusion would in-
terfere with the office to which the mouth is destined. Nature, namely, that intelligence
which was employed in creation, looked beyond the first year of the infant’s life ; yet,
whilst she was providing for functions which were after that term to become necessary, was
careful not to incommode those which preceded them. What renders it more probable that
this is the effect of design, is, that the tecth are imperfect, whilst all other parts of the
mouth are perfect. The lips are perfect, the tongue is perfect ; the cheeks, the jaws, the
palate, the pharynx, the larynx, are all perfect : tho teeth alone are not so. This is the
fact with respect to the human mouth : the fact also is, that the parts above enumerated,
are called into use from the beginning ; whereas the teeth would be only so many obstacles
and annoyances, if they were there. When a contrary order is necessary, a contrary order
prevails. In the worm of the beetle, as hatched from the cgg, the teeth are the first things
which arrive at perfection. The insect begins to gnaw as soon as it escapes from the shell,
though its other parts be only gradually advancing to their maturity.

‘What has been observed of the teeth, is true of the Aorns of animals; and for the same
reason. The hom of a calf or a lamb does not bud, or at least does not sprout to any con-
siderable length, until the animal be capable of browsing upon its pasture; because such a
substance upon the forehead of the young animal, would very much incommode the teat of
the dam in the office of giving suck.

But in the case of the fecth,—of the human teeth at least, the prospective contrivance
looks still farther. A succession of crops is provided, and provided from the beginning ; a
second tier being originally formed beneath the first, which do not come into use till several
years afterward. And this double or suppletory provision meets a difficulty in the mechanism
of the mouth, which would have appeared almost insurmountable. The expansion of the
jaw (the consequence of the proportionable growth of the animal, and of its skull) neces-
sarily separates the teeth of the first set, however compactly disposed, to a distance from one
another, which would be very inconvenient. In due time, therefore, i. e. when the jaw has
attained a great part of its dimensions, a new set of teeth springs up (loosening and pushing
out the old oncs before them), more exactly fitted to the space which they are to occupy,
and rising also in such close ranks as to allow for any cxtension of line which the subsequent
enlargement of the head may occasion®.

® No part of the animnal frame is more strictly mocha- food of the animal to which they belong, that anatomists,
nical than the tecth. They are for mechanical purposes; from an inspection of an animal's tecth, can always foretel

they arc made for holding, cutting, and grinding ; and so tho aliment on which it subsists.
admirably are they varicd and fitted for the particular Thus the crown of the molarcs, or griuders of the lion,
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II. Tt is not very easy to conceive a more evidently prospective contrivance, than that
which, in all viviparous animals, is found in the milk of the female parent. At the moment
the young animal enters the world, there is its maintenance rcady for it. The particulars to
be remarked in this economy, are ncither few nor slight. We have, first, the nutritious
quality of the fluid, unlike, in this respect, every other excretion of the body ; and in which
nature hitherto remains unimitated, neither cookery nor chymistry having been able to
make milk out of grass: we have, secondly, the organ for its reception and retention: we
have, thirdly, the excretory duct, annexed to that organ: and we have, lastly, the determi-
nation of the milk to the breast, at the particular juncture when it is about to be wanted.
We have all these propertics in the subject beforc us: and they are all indications of design.
The last circumstance is the strongest of any. If I had been to guess beforehand, I should
have conjectured, that at the time when there was an extraordinary demand for nourishment
in one part of the system, there would be the least likelihood of a redundancy to supply
another part. The advanced pregnancy of the female has no intelligible tendency to fill the
breasts with milk. The lacteal system is a constant wonder : and it adds to other causes of
our admiration, that the number of the teats or paps in each species is found to bear a pro-
portion to the number of the young. In the sow, the bitch, the rabbit, the cat, the rat,
which have numerous litters, the paps are numerous, and are disposed along the whole
length of the belly ; in the cow and mare, they are few. The most simple account of this,
is to refer it to a designing Creator®.

But in the argument before us, we are entitled to consider not only animal bodies when
framed, but the circumstances under which they are framed : and, in this view of the sub-
ject, the constitution of many of their parts is most strictly prospective.

III. The eye is of no use, at the time when it is formed. It is an optical instrument
made in a dungeon ; constructed for the refraction of light to a focus, and perfect for its
purpose, before a ray of light has had access to it; geomctrically adapted to the properties
and action of an element, with which it has no communication. It is about indeed to enter
into that communication: and this is precisely the thing which evidences intention. It is
providing for the future in the closest sense which can be given to these terms; for it is pro-
viling for a future change ; not for the then subsisting condition of the animal ; not for any
gradual progress or advance in that same condition ; but for a new state, the consequence of
a great and sudden alteration, which the animal is to undergo at its birth. Is it to be be-

sod all the truly carnivorous animals, has an irregular,
cutting edge ; in wan, monkeys, and bears, the crown is
fiat, with numerous points on the margin ; while, in the
sea otter, the knobbed form of the crowns peculiarly fits
them for crushing shells. Those which feed upon insects
bave points remarkably pointed, and suitable for piercing
their scaly envelopes.

Some animals have teeth with a chisel edge. To in.
sure their permanent sharpness, they have enamel only on
their anterior surface, so that one part being softer than
the other wears faster, and thus constantly preserves a
projecting acute edge.

‘The grinders of some animals are composed of alternate

i layers of bone and enamel, the bone wears
away faster than the 1, and consequently that rough
surface is preserved which fits them for the mastication of
the sudstances on which they feed.

How admirably are the front, or incisor teeth of the
beaver, squirrel, &c. adapted for the purpose of chiselling
off pieces of the wood, nuts, &c., that are their peculiar
food !

How suitably are the teeth of the skate made acutely
pointed, and the points turned towards the throat of the
sk, their chief use being to retain its prey, and crack the
slight shells of the animals on which it subsists.

The shark, whoee voracious habits render its teeth per-

petually liable to be brokem or torn away, has several
ranges of them, and these constantly renewed.

Tho teeth of the walrus, says Sir Everard Home, are
particularly well adapted for breaking shells, as its tusks
are for dislodging the shell-fish from the sand or mud.

In the crocodile and other animals of that class, which
do not masticate or tear their food, there are no molares,
but the tecth, sharp-pointed, are particularly well adapted
to the purpose for which alone they are required, the
scizing and retaining of their prey.—(Blake on the Teeth
—Home's Lectures—Cuvier sur les Dents).

® The composition of milk, which has been accurately
ascertained by Berzelius, and other skilful chemists, since
Paley wrote, shows the same prospective contrivance.

Thus it is found that milk contains a very scnsible pro-
portion of the earthy matter of bones (phosphate of lime),
0 essential to their rapid growth, in young animals; and
that the proportion present in milk is greatest immediately
after parturition, when it is most needed. It afterwards
gradually decreases in amount.

The quality of milk also is much richer at the same
period than afterwards ; a fact well known to every dairy
keeper. Thus, the young animal, just struggling into
life, is assisted and strengthened by his nowishment being
greater than at any other period of his infancy.—Anpnals
of Phil. vol. iii. p. 27.
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lieved that the eye was formed, or, which is the same thing, that the series of causes was
fixed by which the eye is formed, without a view to this change ; without a prospect of that
condition, in which its fabric, of no use at present, is about to be of the greatest ; without a
consideration of the qualities of that element, hitherto entirely excluded, but with which it
was hereafter to hold so intimate a relation? A young man makes a pair of spectacles for
himself against he grows old ; for which spectacles he has no want or use whatever at the
time he makes them. Could this be done without knowing and considering the defect of
vision to which advanced age is subject ? Would not the precise suitableness of the instru-
ment to its purpose, of the remedy to the defect, of the convex lens to the flattened eye,
establish the certainty of the conclusion, that the case, afterward to arise, had been considered
beforchand, speculated upon, provided for? all which are exclusively the acts of a reasoning
mind. The eye formed in one state, for use only in another state, and in a different state,
affords a proof no less clear of destination to a future purpose: and a proof proportionably
stronger, as the machinery is more complicated, and the adaptation more exact.

IV. What has been said of the eye, holds equally true of the lungs. Composed of air-
vessels, where there is no air; elaborately constructed for the alternate admission and expul-
sion of an elastic fluid, where no such fluid exists ; this great organ, with the whole apparatus
belonging to it, lies collapsed in the foetal thorax ; yet in order, and in readiness for action,
the first moment that the occasion requires its service. This is having a machine locked
up in store for future use ; which incontestably proves, that the case was expected to occur,
in which this use might be experienced ; but expectation is the proper act of intelligence.
Considering the state in which an animal exists before its birth, I should look for nothing
less in its body than a system of lungs. It is like finding a pair of bellows in the bottom of
the sea ; of no sort of use in the situation in which they are found ; formed for an action
which was impossible to be exerted ; holding no relation of fitness to the element which sur-
rounds them, but both to another element in another place.

As part and parcel of the same plan, ought to be mentioned, in speaking of the lungs, the
provisionary contrivances of the foramen ovale and ductus arteriosus. In the feetus, pipes
are laid for the passage of the blood through the lungs; but, until the lungs be inflated by
the inspiration of air, that passage is impervious, or in a great degree obstructed. What
then is to be done? What would an artist, what would a master, do upon the occasion ?
He would endeavour, most probably, to provide a temporary passage, which might carry on
the communication required, until the other was open. Now this is the thing which is
actually done in the heart :—Instead of the circuitous route, through the lungs, which the
blood afterward takes, before it gets from one auricle of the heart to the other; a portion of
the blood passes immediately from the right auricle to the left, through a hole, placed in the
partition, which separates these cavities. This holo anatomists call the foranien ovale. There
is likewise another cross cut, answering the same purpose, by what is called the ductus arte-
riosus, lying between the pulmonary artery and the aorta. But both expedients are so
strictly temporary, that, after birth, the one passage is closed, and the tube which forms the
other shrivelled up into a ligament. If this be not contrivance, what is ?

But, forasmuch as the action of the air upon the blood in the lungs appears to be neces-
sary to the perfect concoction of that fluid, i. e. to the life and health of the animal (otherwise
the shortest route might still be the best), how comes it to pass that the fortus lives, and
grows, and thrives, without it ? The answer is, that the blood of the faetus is the mother’s ;
that it has undergone that action in her habit; that one pair of lungs serves for both.
When the animals are separated, a new necessity arises ; and, to meet this necessity as soon
as it occurs, an organisation is prepared. It is ready for its purpose: it only waits for the
atmosphere : it begins to play the moment the air is admitted to it.
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CHAPTER XV.

RELATIONB.

‘WaEN several different parts contribute to one effect, or, which is the same thing, when

an effect is produced by the joint action of different instruments ; the fitness of such parts or
instraments to one another, for the purpose of producing, by their united action, the effect, is
what I call relatior ; and wherever this is observed in the works of nature or of man, it
appears to mé to carry along with it decisive evidence of understanding, intention, art. In
examining, for instance, the several parts of a watch, the spring, the barrel, the chain, the
fusee, the balance, the wheels of various sizes, forms, and positions, what is it which would
take an observer's attention, as most plainly evincing a construction, directed by thought,
deliberation, and contrivance ? It is the suitableness of these parts to one another ; first in the
succession and order in which they act ; and, secondly, with a view to the effect finally pro-
duced. Thus, referring the spring to the wheels, our observer secs in it that which origi-
mates and upholds tkeir motion ; in the chain, that which transmits the motion to the fusec;
in the fusee, that which communicates it to the wheels; in the conical figure of the fusee,
if he refer to the spring, he sees that which corrects the inequality of its force. Referring
the wheels to one another, he notices, first, their teeth, which would have been without use
or meaning, if there had been only one wheel, or if the wheels had no connexion between
themselves, or common bearing upon some joint effect ; secondly, the correspondency of their
position, so that the teeth of one wheel catch into the teeth of another ; thirdly, the pro-
portion obeerved in the number of teeth in each wheel, which determines the rate of
going. Referring the balance to the rest of the works, he saw, when he came to understand
its action, that which rendered their motions equable. Lastly, in looking upon the index
and face of the watch, he saw the use and conclusion of the mechanism, viz. marking the
succession of minutes and hours ; but all depending upon the motions within, all upon the
system of intermediate actions between the spring and the pointer. What thus struck his
attention in the several parts of the watch, he might probably designate by one general name
of « relation :” and observing with respect to all cases whatever, in which the origin and
formation of o thing could be ascertained by evidence, that these relations were found in
things produced by art and design, and in no other things, he would rightly deem of them
as characteristic of such productions.—To apply the reasoning here described to the works
of natare.

The animal economy is full, is made up, of these relations.

1. There are, first, what, in one form or other, belong to all animals, the parts and powers
which successively act upon their food. Compare this action with the process of a manufac-
tey. In men and quadrupeds, the aliment is, first, broken and bruised by mechanical
instruments of mastication, viz. sharp spikes or hard knobs, pressing against or rubbing upon
one another ; thus ground and comminuted, it is carried by a pipe into the stomach, where
it waits to undergo a great chemical action, which we call digestion: when digested, it is
delivered through an orifice, which opens and shuts, as there is occasion, into the first intes-
tie ; there, after being mixed with certain proper ingredients, poured through a hole in the
side of the vessel, it is farther dissolved: in this state, the milk, chyle, or part which is
wanted, and which is suited for animal nourishment, is strained off by the mouths of very
small tubes, opening into the cavity of the intestines ; thus freed from its grosser parts, the
percolated fluid is carried by a long, winding, but traceable course, into the main stream of
the old circulation ; which conveys it, in its progress, to every part of the body. Now I say

again, compare this with the process of a manufactory ; with the making of cider, for
cxample ; with the bruising of the apples in the mill, the squeczing of them when so bruised
in the press, the fermentation in the vat, the bestowing of the liquor thus fermented in the
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to have been a bladder for each ureter. One receptacle, fed by two pipes, issuing from dif-
ferent sides of the body, yet from both conveying the same fluid, is not to be accounted for
by any such supposition as this.

IILI. Relation of parts to onc another accompanies us throughout the whole animal eco-
nomy. Can any relation be more simple, yet more convincing, than this, that the eyes are
so placed as to look in the direction in which the legs move and the hands work ? It might
have happened very differently, if it had been left to chance. There were, at least, three
quarters of the compass out of four to have erred in. Any considerable alteration in the
position of the eye, or the figure of the joints, would have disturbed the line, and destroyed
the alliance between the sense and the limbs.

IV. But relation perhaps is never so striking as when it subsists, not between different
parts of the same thing, but between different things. The relation betwcen a lock and a
key is more obvious, than it is between different parts of the lock. A bow was designed for
a arrow, and an arrow for a bow : and the design is more evident for their being scparate
implements.

Nor do the works of the Deity want this clearest species of relation. The seres are mani-
festly made for each other. They form the grand relation of animated nature ; universal,
organic, mechanical ; subsisting like the clearest relations of art, in different individuals ; une-
quivocal, inexplicable without design.

So much so, that, were every other proof of contrivance in nature dubious or obscure, this
alone would be sufficient. The example is complete. Nothing is wanting to the argument.
I see no way whatever of getting over it.

V. The teats of animals which give suck, bear a relation to the mouth of the suckling
progeny ; particularly to the lips and tongue. Here also, as before, is a correspondency of
parts, which parts subsist in different individuals.

THESE are general relations, or the relations of parts which are found, either in all animals,
or in large classes and descriptions of animals. Particular relations, or the relations which
subsist between the particular configuration of one or more parts of certain species of ani-
mals, and the particular configuration of one or more other parts of the same animal (which
is the sort of relation that is, perhaps, most striking), are such as the following :

I. In the swan ; the web-foot, the spoon-bill, the long neck, the thick down, the gramini-
vorous stomach, bear all a relation to one another, inasmuch as they all concur in one design,
that of supplying the occasions of an aquatic fowl, floating upon the surface of shallow pools
of water, and seeking its food at the bottom. Begin with any one of these particularities of
stracture, and obscrve how the rest follow it. The web-foot qualifies the bird for swim-
ming : the spoon-bill enables it to graze. But how ia an animal, floating upon the surface
of pools of water, to graze at the bottom, except by the mediation of a long neck ? A long
neck accordingly is given to it. Again, a warm-blooded animal, which was to pass its life
upon water, required a defence against the coldness of that element. Such a defence is
furnished to the swan, in the muff in which its body is wrapped. DBut all this outward
apparatus would have been in vain, if the intestinal system had not been suited to the diges-
tion of vegetable substances. I say suited to the digestion of vegetable substances ; for it is
well known, that there are two intestinal systems found in birds: onc with a membranous
stomach and gastric juice, capable of dissolving animal substances alone ; the other with a
crop and gizzard, calculated for the moistening, bruising, and afterward digesting, of vegeta-
ble aliment.

Or set off with any other distinctive part in the body of the swan ; for instance with the
long neck. The long neck, without the web-foot, would have been an encumbrance to the
bird ; yet there is no necessary connexion between a long neck and a web-foot. In fact, they
do not usually go together. How happens it, therefore, that they meet, only when a par-
ticular design demands the aid of both ?

III. This mutual relation, arising from a subserviency to a common purpose, is very
obeervable also in the parts of a mole. The strong short legs of that animal, the palmated
feet armed with sharp nails, the pig-like nose, the teeth, the velvet coat, the small external
ear, the sagacious smell, the sunk protected eye, all conduce to the utilities or to the safety
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of its underground life. It is a special purpose, specially consulied throughout. The form
of the feet fixes the character of the animal. They are so many shovels ; they determine its
action to that of rooting in the ground ; and every thing about its body agrees with this des-
tination. The cylindrical figure of the mole, as well as the compactness of its form, arising
from the terscness of its limbs, proportionably lessens its labour; because, according to its
bulk, it thereby requires the least possible quantity of earth to be removed for its progress.
It has nearly the same structure of the face and jaws as a swine, and the same office for
them. The nose is sharp, slender, tendinous, strong ; with a pair of nerves going down to
the end of it. The plush covering, which, by the smoothness, closeness, and polish of the
short piles that compose it, rejects the adhesion of almost every species of earth, defends
the animal from cold and wet, and from the impediment which it would experience by the
mould sticking to its body. From soils of all kinds the little pioneer comes forth bright and
clean. Inhabiting dirt, it is, of all animals, the neatest.

But what I have always most admired in the mole is its eyes. This animal occasionally
visiting the surface, and wanting, for its safety and direction, to be informed when it does
8o, or when it approaches it, a perception of light was necessary. I do mot know that the
clearness of sight depends at all upon the size of the organ. What is gained by the large-
ness or prominence of the globe of the eye, is width in the ficld of vision. Such a capacity
would be of no use to an animal which was to seek its food in the dark. The mole did not
want to look about it ; nor would a large advanced eye have been easily defended from the
annoyance to which the life of the animal must constantly exposc it. How indeed was the
mole, working its way under ground, to guard its eyes at all? In order to meet this diffi-
culty, the eyes are made scarcely larger than the head of a corking-pin; and these minute
globules are sunk so deeply in the skull, and lie so sheltered within the velvet of its covering,
as that any contraction of what may be called the eye-brows, not only closes up the apertures
which lead to the eyes, but presents a cushion, as it were, to any sharp or protruding sub-
stance which might push against them. This aperture, even in its ordinary state, is like &
pin-hole in a piece of velvet, scarcely pervious to loose particles of earth.

Observe then, in this structure, that which we call relation. There is no natural connexion
between a small sunk eye and a shovel palmated foot. Palmated feet might have been
joined with goggle eyes ; or small eyes might have been joined with feet of any other form.
What was it, therefore, which brought them together in the mole? That which brought
together the barrel, the chain, and the fusee, in a watch ; design ; and design, in both cases,
inferred from the relation which the parts bear to one another in the prosecution of a com-
mon purpose. As hath already been observed, there are different ways of stating the rela-
tion, according as we set out from a different part. In the instance before us, we may either
consider the shape of the feet, as qualifying the animal for that mode of life and habitation
to which the structure of its eyes confines it ; or we may consider the structure of the eye,
as the only one which would have suited with the action to which the feet are adapted.
The relation is manifest, whichever of the parts related we place first in the order of our
consideration. In a word, the feet of the mole are made for digging; the neck, nose,
eycs, ears, and skin, are peculiarly adapted to an underground life; and that is what I call
relation.

CHAPTER XVI.

COMPENSATION.

CoMPENSATION is a species of relation. It is relation when the defects of one part or of
one organ, are supplied by the structure of another part or of another organ.

I. The short unbending neck of the elephant, is compensated by the length and flexibility
of his proboscis. He could not have reached the ground without it ; or, if it be supposed
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that he might have fed upon the fruit, leaves, or branches, of trees, how was he to drink ?
Should it be asked, Why is the elephant’s meck so short? it may be answered, that the
weight of a head so heavy could not have been supported at the end of a longer lever. To
a form, therefore, in some respects necessary, but in some respects also inadequate to the
occasion of the animal, a supplement is added, which exactly makes up the deficiency under
which he laboured.

If it be suggested that this proboscis may have been produced, in a long course of genera-
tions, by the constant endeavour of the elephant to thrust out its nose (which is the general
hypothesis by which it has lately been attempted to account for the forms of animated
mature), I would ask, How was the anjmal to subsist in the mean time, during the process ;
wntil this prolongation of snout were completed? What was to become of the individual,
whilst the species was perfecting ?

Our business at present is, simply to point out the relation which this organ bears to the
peculiar figure of the animal to which it belongs. And herein all things correspond. The
necessity of the elephant’s proboscis arises from the shortness of his neck ; the shortness of
the neck is rendered necessary by the weight of the head. Were we to enter into an exami-
nation of the structure and anatomy of the proboscis itsclf, we should see in it onc of the
most curious of all examples of animal mechanism. The disposition of the ringlets and
fibres, for the purpose, first, of forming a long cartilaginous pipe; secondly, of contracting
and lengthening that pipe ; thirdly, of turning it in every direction at the will of the animal ;
with the superaddition at the end of a fleshy production, of about the length and thickness
of a finger, and performing the office of a finger, so as to pick up a straw from the ground ;
these properties of the same organ, taken together, exhibit a specimen, not only of design
(which is attested by the advantage), but of consummate art, and, as I may say, of claborate
preparation, in accomplishing that design.

I1. The hook in the wing of a dat is strictly a mechanical, and also a compensating con-
trivance. At the angle of its wing therc is a bent claw, exactly in the form of a hook, by
which the bat attaches itself to the sides of rocks, caves, and buildings, laying hold of crevices,
joinings, chinks, and roughnesses. It hooks itself by this claw ; remains suspended by this
bold ; takes its flight from this position: which operations compensate for the decrepitude
of its legs and feet. Without her hook, the bat would be the most helpless of all animals,
She can neither run upon her feet, nor raise herself from the ground. These inabilitics are
made up to her by the contrivance in her wing : and, in placing a claw on that part, the
Creator has deviated from the analogy observed in winged animals.—A singular defect
rquired a singular substitute. '

IIL. The crane-kind are to live and seek their food amongst the waters; yet, having no
web-feet, are incapable of swimming. To make up for this deficiency, they are furnished
vith long legs for wading, or long bills for groping ; or usually with both. This is compen-
mtion. But I think the true reflection upon the present instance is, how every part of nature
it tenanted by appropriate inhabitants. Not only is the surfacc of deep waters peopled by
mumerous tribes of birds that swim, but marshes and shallow pools are furnished with hardly
ks numerous tribes of birds that wade.

IV. The common parrot has, in the structure of its beak, both an inconveniency, and a
oompensation for it. When I speak of an inconveniency, I have a view to a dilemma which
frequently occurs in the works of nature, yiz. that the peculiarity of structure by which an
organ is made to answer one purpose, neccssarily unfits it for some other purpose. This is
the case before us. The upper bill of the parrot is so much hooked, and so much overlaps
the lower, that if, as in other birds, the lower chap alone had motion, the bird could scarcely
gape wide enough to receive its food : yet this hook and overlapping of the bill could not be
spared, for it forms the very instrument by which the bird climbs ; to say nothing of the use
which it makes of it in breaking nuts and the hard substances upon which it feeds. How,
therefore, has nature provided for the opening of this occluded mouth? By making the
upper chap moveable, as well as the lower. In most birds, the upper chap is connected, and
makes but one piece, with the skull ; but in the parrot, the upper chap is joined to the bone
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of the head by a strong membrane placed on each side of it, which lifts and depresses it at
pleasure *.

V. The spider's web is a compensating contrivance. The spider lives upon flies, without
wings to pursue them ; a case, one would have thought, of great difficulty, yet provided for,
and provided for by a resource which no stratagem, no cffort of the animal, could have pro-
duced, had not both its external and internal structure been specifically adapted to the
operation t.

VI. In many species of insects the eye is fixed ; and consequently without the power of
turning the pupil to the object. This great defect is, however, perfectly compensated ; and
by a mechanism which we should not suspect. The eye is a multiplying-glass, with a lens
looking in every direction and catching every object. By which means, although the orb of the
eye be stationary, the field of vision is as ample as that of other animals, and is commanded on
every side. When this lattice work was first observed, the multiplicity and minuteness of
the surfaces must have added to the surprise of the discovery. Adams tells us, that fourteen
hundred of thesc reticulations have been counted in the two eyes of a drone-bee.

In other cases the compensation is effected by the number and position of the eyes them-
selves. The spider has cight eyes, mounted upon different parts of the head : two in front,
two in the top of the head, two on each side. These cyes are without motion ; but, by their
situation, suited to comprehend every view which the wants or safety of the animal render
it necessary for it to take.

VII. The Memoirs for the Natural History of Animals, published by the French Academy,
A. D. 1687, furnish us with some curious particulars in the eye of a chameleon. Instead of
two eyelids, it is coveréd by an eyelid with a hole in it. This singular structure appears to be
compensatory, and to answer to some other singularities in the shape of the animal. The neck
of the chameleon is inflexible. To make up for this, the eye is so prominent, as that mose
than half of the ball stands out of the head ; by means of which extraordinary projection, the
pupil of the eye can be carried by the muscles in every direction, and is capable of being
pointed towards every object. But then, so unusual an exposure of the globe of the eye
requires, for its lubricity and defence, a more than ordinary protection of eyelid, as well as a
more than ordinary supply of moisture; yet the motion of an eyelid, formed according to
the common construction, would be impeded, as it should seem, by the convexity of the
organ. The aperture in the lid mecets this difficulty. It enables the animal to keep the
principal part of the surface of the eye under cover, and to preserve it in a due state of
humidity without shutting out the light ; or without performing every moment a nictitation,
which, it is probable, would be more laborious to this animal than to others.

VIII. In another animal, and in another part of the animal economy, the same Memoirs
describe a most remarkable substitution. The reader will remember what we have already
observed concerning the intestinal canal ; that its length, so many times exceeding that of
the body, promotes the extraction of the chyle from the aliment, by giving room for the
lacteal vessels to act upon it through a greater space. This long intestine, wherever it
occurs, is, in other animals, disposed in the abdomen from side to side in returning folds.
But, in the animal now under our notice, the matter is managed otherwise. The same
intention is mechanically effectuated ; but by a mechanism of a different kind. The animal
of which I speak is an amphibious quadruped, which our authors call the alopecias, or sea-
fox. The intestine is straight, from one end to the other: but in this straight, and conse-
quently short, intestine is a winding, corkscrew, spiral passage, through which the food, not

@ Goldsmith’s Natural History, vol. v. 274.

4+ The artful mechanism of the spider's wcb, aud the
curious structure of the apparatus by which its material is
prepared, descrve a less cursory notice. Near the ex-
tremity of the spider's abdomen are five teats, or spin-

neret, and calculated in each of these the orifices amount
to more than one th d, and, quently, that each
thread of the spider is ded of five th d fibros.
Yet the thicknces of the ordinary thread of this insect is
The spinnerots of

nerets, furnished with aperturcs, which it can voluntarily
close or expand. The apertures are too numerous and
minute to be reckoned cven by the aid of a microscope.
M. Reaumur frequently obsorved seventy in cach apin-

only ynApgth thatof a human hair.
the spider communicate by a tube with four reservoirs
within its abd y ining the gluti matter of
which the thread is formed.




NATURAL THEOLOGY. 113

without several circumvolutions, and in fact by a long route, is conducted to its cxit. Here
the shortness of the gut is compensated by the obliquity of the perforation.

IX. But the works of the Deity are known by expedients. Where we should look for
sbeolute destitution ; where we can reckon up nothing but wants; some contrivance always
comes in to supply the privation. A snail. without wings, feet, or thread, climbs up the
stalks of plants, by the sole aid of a viscid humour discharged from her skin. She adheres
to the stems, leaves, and fruits, of plants, by means of a sticking-plaster. A muscle, which
might seem, by its helplessness, to lie at the mercy of every wave that went over it, has the
singular power of spinning strong, tendinous threads, by which she moors her shell to rocks
and timbers. A cockle, on the contrary, by means of its stiff tongue, works for itsclf a
shelter in the sand. The provisions of nature extend to cases the most desperate. A lobster
has in its constitution a difficulty so great, that one could hardly ¢onjecture beforchand how
mture would dispose of it. In most animals, the skin grows with their growth. If instead
of a soft skin, there be a shell, still it admits of a gradual enlargement. If the shell, as in the
tortoise, consists of several pieces, the accession of substance is made at the sutures. Bivalve
shells grow bigger by receiving an accretion at their edge ; it is the same with spiral shells at
theirmouth. The simplicity of their form admits of this. But the lobster’s shell being applied
to the limbs of the body, as well as to the body itself, allows not of either of the modes of
growth which are observed to take place in othershells. Its hardness resists expansion ; and
its complexity renders it incapable of increasing its size by addition of substance to its edge.
How then was the growth of the lobster to be provided for? Was room to be made for it
in the old shell, or was it to be successively fitted with new ones? If a change of shell
became necessary, how was the lobster to extricate himself from his present confinement ?
How was he to uncase his buckler, or draw his legs out of his boots? The process, which
fishermen have observed to take place, is as follows:— At certain seasons, the shell of the
lobster grows soft ; the animal swells its body ; the seams open, and the claws burst at the
‘oints. When the shell has thus become loose upon the body, the animal makes a second
effort, and by a tremulous, spasmodic motion, casts it off. In this state, the liberated but
defenceless fish retires into holes in the rock. The released body now suddenly pushes its
growth. In about eight-and-forty hours a fresh concretion of humnour upon the surface, i. e.
a new shell is formed, adapted in every part to the increased dimensions of the animal. This
wonderful mutation is repeated every year.

If there be imputed defects without compensation, I should suspect that they were defects
only in appearance. Thus, the body of the slotk has often been reproached for the slowness
of its motions, which has been attributed to an imperfection in the formation of its limbs.
Bat it ought to be observed, that it is this slowness which alone suspends the voracity of the
animal. He fasts during his migration from one tree to another : and this fast may be neces-
sary for the relief of his over-charged vessels, as well as to allow time for the concoction of
the mase of coarse and hard food which he has taken into his stomach. The tardiness of his
pace seems to have reference to the capacity of his organs, and to his propensities with respect
to food ; f. e. is calculated to counteract the effects of repletion.

Or there may be cases, in which a defect is artificial, and compensated by the very cause
which produces it. Thus the skeep, in the domesticated state in which we see it, is destitute
of the ordinary means of defence or escape ; is incapable either of resistance or flight. But
this is not so with the wild animal. The natural shecp is swift and active: and, if it lose
these qualities when it comes under the subjection of man, the loss is compensated by his
protection. Perhaps there is no species of quadruped whatever which suffers so little as this
docs from the depredation of animals of prey.

For the sake of making our meaning better understood, we have considered this business
of compensation under certain particularities of constitution, in which it appears to be most
conspicuous. This view of the subject nccessarily limits the instances to single specics of
snimals. But there are compensations, perhaps not less certain, which éxtend over large
clagees, and to large portions of living nature.

1. In quadrupeds, the deficiency of teeth is usnally compensated by the faculty of rumina-

1
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tion. The sheep, deer, and ox tribe, are without fore tecth in the upper jaw. These rumi-
nate. Tho horse and ass are furnished with teeth in the upper jaw, and do not ruminate.
In the former class, the grass and hay descend into the stomach, nearly in the state in which
they are cropped from the pasture, or gathered from the bundle. In the stomach, they are
softened by the gastric juice, which in these animals is unusually copious. Thus softened
and rendered tender, they are returned a second time to the action of the mouth, where the
grinding tecth complete at their leisure the trituration which is mecessary, but which was
before left imperfect. I say the trituration which is necessary ; for it appears from experi-
ments, that the gastric fluid of sheep, for example, has no ecffect in digesting plants, unless
they have becn previously masticated ; that it only produces a slight maceration, nearly as
common water would do in a like degrec of heat ; but that when once vegetables are reduced
to pieces by mastication, the fluid then cxerts upon them its specific operation. Its first
effect is to soften them, and to destroy their natural consistency ; it then goes on to dissolve
them ; not sparing even the toughest parts, such as the nerves of the leaves *.

I think it very probable, that the gratification also of the animal is renewed and prolonged
by this faculty. Sheep, deer, and oxen, appear to be in a state of enjoyment whilst they
are chewing the cud. It is then, perhaps, that they best relish their food.

II. In birds,.the compensation is still more striking. They have no teeth at all. What
have they then to make up for this severe want? I speak of graminivorous and herbivorous
birds ; such as common fowls, turkeys, ducks, geese, pigeons, &c. ; for it is concerning these
alone that the question need be asked. All these are furnished with a peculiar and most
powerful muscle, called the gizzard ; the inner coat of which is fitted up with rough plaits,
which, by a strong friction against one another, break and grind the hard aliment as effec-
tually, and by the same mechanical action, as a coffee-mill would do. It has been proved
by the most correct cxperiments, that the gastric juice of these birds will not operate upon
the entire grain ; not cven when softened by water or macerated in the crop. Therefore
without a grinding machine within its body, without the trituration of the gizzard, a chicken
would have starved upon a heap of corm.  Yet why should a bill and a gizzard go together?
Why should a gizzard never be found where there are teeth ?

Nor does the gizzard belong to birds as such. A gizzard is not found in birds of prey.
Their food requires not to be ground down in a mill. The compensatory contrivance gocs
no farther than the neccssity. In both classes of birds, however, the digestive organ within
the body bears a strict and mechanical relation to the external instruments for procuring food.
The soft membranous stomach accompanies a hooked notched beak : the short, muscular legs :
the strong, sharp, crooked talons; the cartilaginous stomach attends that conformation of bill
and toes, which restrains the bird to the picking of sceds, or the cropping of plants+.

® Spall. Dis, iii. sect. cxl. mals, in which the teeth of the under jaw slide upwards

t The gizzards of those birds that live on flesh approach
nearest to the stomach of the mammalia ; whilst those
which live upon grain are especially distinguished by the
strength of the digastric muscle, which enables the gizzard
to break down the harder substances upon which it is ro-
quired to act. Ifa bird of prey is compelled to subsist
upon grain for any length of time, by a provident kindness
of the Creator, the digastric muscle becomes so strength-
encd, that an anatomist would not recognize it as bel

within those of the upper, pressing the food betwoen them.
—Sir E. Home.

The digestive organs of granivorous birds closely resem-
ble a mill, the crop and upper part of the gizzard receive
in succession the grain : from thence it is conveyed to the
inner surfaces which act as mill-stones ; and the first in-
testine receives the sub in its reduced form.

The experiments of the Cimento academicians, of

ing to a carnivorous bird.

The sea-parrot, or diver, has its gizzard lined with a
horny coat, evidently rendering it appropriate for crushing
the shells of the crustacea upon which it foeda.

The woodpecker may be said to have both a stomach
and a gizzard, and from actual observation, sir E. Home
states, that the soft insects upon which the bird feeds are
digested in the st h, or enlarg t of the esophagus;
whilst the insects having hard cuticular coverings are
passed to the gizzard.

In the turkey, the surfaces of the gizzard have a rota-
tory motion. In the goose, the motion more nearly
resemblos that of the grinding teeth of ruminating ani-

R s Spall i, and others, prove that the gizzard
has extraordinary powecrs. They compelled turkeys and
common fowls to swallow various hard and dangerous
bodies. The results were as follows :==Balls of glass
were rapidly reduced to powder; metals and precious
stoncs were ind d and abraded ; leaden balls, armed
with sharp needles and lancet points, in eighteen hours
were found with these apparcntly destructive weapons
broken off, and the balls themsclves indented ; yet the
coats of tho gizzard were perfoctly uninjured. The giz-
zard is unquestionably assisted in producing these powere
ful effects by the pebbles which are invariably found in
them. They vary in size with the bird, and in number
probably from accidental causes. Two hundred have
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III. But to proceed with our compensations.—A very numerous and comprehensive tribe
of terrestrial animals are entirely without feet ; yet locomotive : and in a very considerable
degree swift in their motion. How is the want of feet compensated? It is done by the dis-
position of the muscles and fibres of the trunk. In consequence of the just collocation, and
by means of the joint action of longitudinal and annular fibres, that is to say, of strings and
rings, the body and train of reptiles are capable of being reciprocally shortened and length-
ened, drawn up and stretched out. The result of this action is a progressive, and in some
cases, a rapid movement of the whole body, in any direction to which the will of the animal
determines it. The meancst creature is a collection of wonders. The play of the rings in
an earth-worm, as it crawls; the undulatory motion propagated along the body ; the beards
or prickles with which the annuli are armed, and which the animal can either shut up close
to its body, or let out to lay hold of the roughnesses of the surface upon which it creeps ; and
the power arising from all these, of changing its place and position, afford, when compared
with the provisions for motion in other animals, proofs of new and appropriate mechanism.
Suppose that we had never seen an animal move upon the ground without feet, and that the
problem was ; Muscular action, ¢. e. reciprocal contraction and relaxation being given, to
describe how such an animal might be constructed, capable of voluntarily changing place.
Something, perhaps, like the organization of reptiles, might have been hit upon by the inge-
muity of an artist : or might have been exhibited in an automaton, by the combination of
springs, spiral wires, and ringlets: but to the solution of the problem would not be denied,
srely, the praise of invention and of successful thought : least of all could it ever be ques-
tioned, whether intelligence had been employed about it, or not.

CHAPTER XVIL
THE RELATION OF ANIMATED BODIES TO INANIMATE NATURE.

We have already considered relation, and under different views; but it was the relation
of parts to parts, of the parts of an animal to other parts of the same animal, or of another
individual of the same species.

But the bodies of animals hold, in their constitution and properties, a closc and important
relation to naturcs altogether external to their own : to inanimate substances, and to the
specific qualities of these; e. g. they kold a strict relation to the ELEMENTS by which they are
surrounded *.

been found in the gizzard of a turkey-hen, and more than
ove thousand in that of a goose. However varying in
size and number, some are invariably found there. Spal-
lanzani could never procure a bird so young that it had
not some pebbles in its gizzard, and to obtain them with
that deficiency, he was obliged to rear turkeys and pigeons
even from the shell. The parent bird always supplies its
young with appropriately-sized pebbles, even whilst they
are in the nest.

All the varieties in the ltructnm of the digestive

its means of retaining and digesting its food are so small;
whilst the African ostrich, whose provision is so scanty,
has such large means of cconomizing it, that, circumstanced
as it is, it yet can procure a subsistence.

® The power possessed by man, of inhabiting all parts
of the earth, bearing all degrees of heat and cold, and dif-
ferences in atmospheric pressure, is another instance of
the adaptation of animated bodies to inanimate nature,
worthy of particular consideration ; this natural power is

of birds, whether living on animal or b e et hat X
sppear adapted to their food and mode of life. All the
nriemdstrnetnremthe-- hed glands are calculated

to produce a secretion ‘ppropﬂm t